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ABSTRACT
The present study is located in the Southern Peranap coalfield, Central Sumatra Basin. 
The economic coal deposite occurs in the Korinci Formation which is of a Late Miocene 
to Pliocene age. The Korinci Formation contains the P2, PI, Lower P(LP), Upper Q (UQ), 
Q2, Q l, Lower Q (LQ) and R seams (youngest to oldest).
The aims of the study were to evaluate the quality, chemical and physical properties 
including petrographical characteristics. A fundamental aim was to assess the potential 
utilisation of the Southern Peranap coal.
Petrographically, vitrinite is the dominant maceral with average vitrinite content 91%. 
Vitrinite comprises mostly telovitrinite (range of 32% to 60%, average of 43%) and 
detrovitrinite (range of 25% to 49%, average of 40%) with minor gelovitrinite. Texto- 
ulminite is the dominant telovitrinite maceral whereas densinite is the dominant 
detrovitrinite maceral. Liptinite is common in Southern Peranap coal ranging from 2.4% 
to 13% with an average of 7%. Liptodetrinite and resinite are the dominant macerals in 
all samples. Minor liptinite constituents comprise cutinite, suberinite, sporinite and rare 
exudatinite and fluorinite. Inertinite content of Southern Peranap coals is generally low 
ranging from 0.2% to 4.5% with an average of 2%. The dominant inertinite macerals are 
semifusinite and sclerotinite, with minor fusinite, inertodetrinite, macrinite and micrinite. 
There is no significant differences in coal composition between the seams.
The Southern Peranap coals are of brown coal rank with mean maximum vitrinite 
reflectances (R0max) mostly in the small range of 0.28% to 0.30% with some values up 
to 0.40% in the deeper parts of the sampled holes.
Coals from Southern Peranap developed from ombrogenous mires source by tropical rain 
forest vegetation on fluvial floodplain environment. There is evidence of brackish water 
or marine water influence in some parts of the sequence.
The coals are hydrogen-rich coals with an average of 5% hydrogen and H/C ratios >0.75. 
Carbon and oxygen contents range from 69% to 71% and from 22% to 25% respectively. 
Sulphur and nitrogen are typically low, usually less than 1.0%. Sulphur is mostly in form 
of organic sulphur (typically >60% of the total sulphur). Moisture contents of Southern 
Peranap coals ranges from 10% to 22% (average of 16%). Silica (S i02) and alumina 
(A120 3) are the dominant constituents of the ash. The Sodium (Na20 ) contents of the ash 
increase from the youngest to the oldest seam. The hardgrove Grindability Index (HGI) 
ranges from 43 to 58 HGI units.
Southern Peranap coals are believed to be environmentally safe due to the expected low 
emissions of NOx (630 ppm), SOx (108 jLig/m3) gas and particulate matter (9.5 kg ash/T 
m3) from burning these coals. These values are within the World Health Organisation 
acceptable levels.
The Southern Peranap coal are suitable for use in coal conversion prosses, such as 
gasification, and combustion due to the presence of highly reactive macerals and a high 
volatile content.
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CHAPTER ONE
INTRODUCTION
1.1 BACKGROUND
Coal occurrences are widespread over the Indonesian Archipelago, with large economic 
deposits concentrated on Sumatra and Kalimantan (Borneo) Islands. In Sumatra, coal deposits 
stretch from north to south with significant deposits in the Aceh, Western-Central and 
Southern Sumatra Provinces. Coal deposits in Kalimantan are mainly located in eastern and 
southern Kalimantan.
Indonesia’s total coal resource was estimated to be more than 36 billion tonnes (Prijono, 1989; 
Soehandojo, 1989; Busono, 1990; Mangunwijaya, 1992; Directorate of Coal, 1993); 51% of 
this coal is located in South Sumatra, 11 % in western and central Sumatra, 31 % in eastern and 
southern Kalimantan, and the remainder mainly in Aceh, northern Kalimantan, Sulawesi, Irian 
and West Java.
During the period of Dutch colonial government rule, coal exploration and mining were 
undertaken intensively. Several hundred million tonnes of coal reserves were reported in 
western and southern Sumatra basins and in eastern and southern Kalimantan. As a result, 
the coal mines in Ombilin Coalfield (western Sumatra) and Bukit Asam Coalfield (southern 
Sumatra) were established in 1892 and 1919 respectively, by the Dutch colonial government, 
to supply the coal requirements of the Netherland-Indies inter-insular fleet, coal-fired 
steamships, railways and a small export market.
After independence, the potential value of coal reserves and the development of coal industry 
were overlooked, due mainly to a lack of domestic and international market interest, an oil- 
based energy source for most industries, the oil boom and, by no means the least, a lack of 
data and information about the characteristics of Indonesian coal and a lack of technical 
knowledge for developing a coal industry.
Since the oil crisis in 1973 and the increasing domestic energy consumption, the Indonesian 
government realised that the economic and industrial development of Indonesia could not 
solely rely on a petroleum-based energy source. Consequently, the government initiated an 
energy policy that diversified the energy source base in order to restrict the domestic 
consumption of oil and to maximise foreign income from oil exports. The energy policy 
renewed coal exploration, coal mining industries and activated new coal-fired electricity and 
cement industries.
The study of coal petrology in Indonesia is a recent technology and there have been few 
significant publications. Koesoemadinata et a l (1978a; 1978b) and Daulay and Cook (1988) 
reported on the coal petrology of some Indonesia coals, especially those from Bukit Asam, 
Ombilin, Eastern Kalimantan and West Java. This study was initiated to further develop coal 
petrography in relation to Southern Peranap coals as, until this study, no petrographic data 
were available for the coals from this area.
1.2 LOCATION
The southern coals of the Peranap area, the focus of this study, are located in Indragiri Hulu 
Regency of Riau Province, Central Sumatra. This area is situated 230 kilometres southeast
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of Padang, 190 kilometres northeast of Pakanbaru and approximately 55 kilometres west of 
Rengat/Japura which has a small airport with facilities accommodating small commercial 
aircraft (Fig. 1.1).
The Southern Peranap coal deposit lies within the co-ordinates 832,000 m E to 838,000 m E 
and 9,929,000 m N to 9,939,000 m N representing an area of approximately 72 square 
kilometres. This area is located along the southern bank of the Kuantan River. The topography 
is gently undulating hills with the elevations of low-lying areas and the hilly terrain generally 
20 to 25 metres and 30 to 85 metres above sea level respectively. Small swampy areas 
sometimes exist between the low hills in the undulating areas. The largest river in the area 
is the Kuantan River which flows eastward; it has a width of 100 metres. The area on both 
sides of the river is almost flat and swampy, having developed on flood plains.
The Bukit Barisan Mountains are located about 150 kilometres west of the Southern Peranap 
coal deposit. Much of the area is covered by secondary forest and traditional rubber 
plantations although the northeast and southeastern parts of the mountains are covered by 
primary dense forest. The coal is located on the eastern flank of the Cerenti Syncline where 
the coal seams form a continuous subcrop along the west to east trending Cerenti Syncline.
1.3 PREVIOUS WORK
The geology of Central Sumatra Basin is relatively well known with many publications, 
especially on the general geology of the area. Most publications have been primarily related 
to the search for oil and gas (Mertosono and Nayoan, 1974; De Coster, 1974; Harsa, 1975; 
Koesoemadinata et al., 1978a; 1978b; Hamilton, 1979; Eubank and Makki, 1981). Most of
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the previous geological studies in Central Sumatra Basin concluded that the basin had 
potential for hydrocarbon accumulations, especially the Telisa Formation. Relating 
specifically to coal, De Coster (1974) stated that the potential economical coal deposits in 
Central Sumatra Basin formed in a regressive stage of the Korinci Formation. Relating to 
coal economics, Koesoemadinata et al. (1978a) described the potential of the coal measures 
of Central Sumatra basins and evaluated the general economic aspects of coal deposits in 
relation to the basin evolution of Central Sumatra. They found that coal in the regressive 
sequence of Neogene back-deep (foreland) basin tended to be areally extensive. The coals 
were described as lignitic in nature except where the rank increased locally as a results of 
intrusive rocks.
Eubank and Makki (1981) studied the structural geology of the Central Sumatra Basin and 
described the structure that is most prominent in this basin, the Sunda Fold. Similar structures 
also are found in other Western Indonesian Tertiary basins. The Sunda Fold and others like 
it, changes from an anticlinal fold at the crest to a synclinal or half grabben structure at depth. 
A Sunda-type fold is the product of a tensional regime in which thick sedimentary sequences 
filled the graben with wrench components creating an anticlinal fold above the graben. This 
type of structure has an important role in the accumulation of hydrocarbons. The authors also 
noted that the Central Sumatra Basin has a very high geothermal gradient (67.6°C/km) which
is one of the factors influencing the large volumes of hydrocarbons thought to have been 
generated in this basin.
From June 1987 to March 1988, the framework for the execution of ’RepelitaTV (the Five 
Year Development Plan, 1984 - 1989 which was introduced as a directive from the President 
of Indonesia) was undertaken by the Directorate of Coal (DOC), the Directorate General of
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Mines and the Department of Mines and Energy of the Republic of Indonesia, in association 
with the New Energy and Industrial Technology Development Organisation (NEDO) of Japan. 
A semi-detailed exploration program was conducted in the Cerenti area which included the 
Peranap area, as part of the Central Sumatra Coal Exploration Project (CSCEP). The work 
’ consisted of geological mapping, drilling, geophysical logging, trenching and coal sampling. 
The program identified potential measured reserves of steaming coal consisting of six seams 
designated, upper P (UP), P, upper Q (UQ), Q, lower Q (LQ) and R (in descending age, 
youngest to oldest) in the area studied (Working Committee of Central Sumatra Coal 
Exploration Project (CSCEP), 1988).
From 1989 to 1990, further detailed exploration and feasibility studies were carried out by 
DOC-NEDO. They examined the coal measures sequences and defined mineable areas. These 
studies did not involve the petrographic analysis of coal to determine maceral composition and 
characteristics. The petrographic characteristic of these coals are almost unknown and, 
therefore, there is a need for a coal petrography-based study to provide basic data required 
to interpret and control the technological behaviour of these coals.
1.4 POTENTIAL OF INDONESIAN COAL RESOURCES
As result of the intensive coal exploration since the early 1980s, total Indonesian coal 
resources amount to 36.5 billion tonnes, constituting 5.2 billion tonnes of measured reserves,
20.6 billions tonnes of indicated and inferred reserves and approximately 10.7 billions tonnes 
of hypothetical resources (Table 1.1). It is believed that this resource will be sufficient to 
fulfil the coal-based energy requirements for Indonesia’s development, with large scale coal 
production, for hundreds years into the future.
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Sumatra has the largest coal resources in Indonesia with the second largest in Kalimantan. 
Present total coal resources of Sumatra are 24.8 billion tonnes which is approximately 67.9% 
of the total Indonesian coal resources (Table 1.1); Kalimantan has 11.4 billion tonnes (31.4% 
of the total Indonesia’s coal resources).
In Sumatra, the largest coal resource occurs in southern Sumatra where 76.1% of the total 
Sumatra resources (51.6% of total Indonesia coal resources) are found; this is followed by 
Central Sumatra with 16.8% (11.4% of total Indonesia coal resources), North Sumatra with 
6.9% (4.7% of total Indonesia resources) and Bengkulu with 0.2% (0.1% of total Indonesia 
coal resources).
Peranap coal resources are calculated to be 1.4 billion tonnes which is approximately 5.8% 
of the total Sumatra coal resources (3.9% of total Indonesia coal resources, Table 1.2).
Indonesia’s domestic coal production and consumption, is largely dependent on progress made 
in construction of new coal-fired electricity generating plants, expansion programs in the 
cement industry, growth in the use of coal in small scale industries and households. Another 
area for potential growth is export to Asian countries.
The figures for Indonesian coal production until 1993 can be seen in Table 1.3 and Figure 1.2 
(Johannas, 1989; Busono, 1990; Mangunwijaya, 1992; Directorate of Coal, 1993). Coal 
production during 1939 to 1941 increased slightly with the highest production of 2.0 million 
tonnes in 1941. From 1942 to 1983, production decreased and reached a critical point with 
the lowest coal production (148,826 tonnes) occurring in 1973. During this period, and up 
to 1988, most of the Indonesian coal production was from Sumatra coal mines such as Bukit
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Asam (South Sumatra) and Ombilin (West Sumatra) (Fig. 1.3).
From the 1984 to 1987, Indonesia’s coal production rose significantly and reached 3.5 million 
tonnes in 1987. In the last five years, coal production increased sharply, reaching 30 million 
tonnes by 1993, corresponding to 6.5 million tonnes from Sumatra and 23.5 million tonnes 
from Kalimantan and other areas. During this period the average coal production growth rate 
was 45.5% annually. The rapid increase in Indonesia’s coal production during this period 
mainly resulted from the large expansion of coal mines in eastern Kalimantan which 
commenced production during the period 1988 to 1990. Mining was carried out by 
multinational companies some of which were partly owned by Australian companies. Since 
1991, Sumatra has been replaced by Kalimantan as the biggest coal producer in Indonesia 
(Figure 1.3).
In the period 1994 to 2000, Indonesia’s coal production is expected to grow significantly. 
Production will reach 36.7 million tonnes in 1995, and by 2000 will be 50 million tonnes 
(Table 1.3) with an average growth rate of 7.1% per year.
Coal for domestic use in 1940s to 1960s was used mainly by the transportation industry (for 
use in steam ships, train locomotives) and factories. In the 1980s, use of coal in the 
transportation industry decreased sharply and since the early 1970s, coal has been used mainly 
in the electricity and cement industries and exported to southeast Asia (Fig. 1.4 and Table 
1.4).
Figure 1.4 and Table 1.4 show the trend in Indonesia’s coal consumption from 1971 to 1993 
(Busono, 1990; Sulistijo, 1990; Mangunwijaya, 1992; Directorate Batubara, 1993). Until early
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1983, domestic coal consumption was relatively low, in the range 130,000 to 260,000 tonnes 
annually (average of 185,000 tonnes). Between 1984 to 1986, domestic consumption 
increased slightly, reaching 1.2 million tonnes by 1986. Since 1987, coal consumption 
increased dramatically, reaching 10.4 million tonnes in 1993 (with an average growth rate of 
44.3% per annum between 1987 to 1993).
In 1987, electricity generating plants consumed approximately 1.7 million tonnes of coal, 
followed by the cement industry with 0.85 million tonnes and then other industries (such as 
small-scale industries and household) with only 0.05 million tonnes. Exports reached 0.99 
million tonnes.
In 1992, the figures for Indonesia’s coal consumption (Fig. 1.5) showed that electricity 
generating plants consumed 5.3 million tonnes or approximately 63.6% of the total coal 
consumption within Indonesia (22.4% of total Indonesian coal production); cement industries 
consumed 2.6 million tonnes, approximately 31.6% of the total domestic coal consumption 
(11.2% of total Indonesian coal production). Other industries consumed 0.4 million tonnes 
or 4.8% of the total coal consumption within Indonesia (1.7% of total Indonesian coal 
production). However, these trends changed dramatically after 1992 and most of Indonesian 
coal production in 1992 was for export (72.2% of total Indonesian coal production).
The sharp increases in domestic consumption in the past two decades, was caused by the 
conversion of oil-based cement plants to coal-based plants during and since the early 1970s
and the development of coal-fired electricity plants such as Suralaya (West Java) and Bukit 
Asam (South Sumatra).
9
In 1989, total capacity of the Indonesian cement industry was 11.9 million tonnes and this 
increased significantly in 1992, reaching 18.5 million tonnes. In the period 1993 to 2000, the 
growth in cement capacity is projected to be 7.5% per year, and should reach 25.0 million 
tonnes in 1995; by 2000 it is expected to reach 36.9 million tonnes (Wardijasa, 1992).
Suralaya plant currently is the biggest coal-fired plant in Indonesia (1600 MW) and consumes 
approximately 3.4 million tonnes coal annually. Estimation of coal use is based on the 
assumption that to produce 1 MW electricity per year, requires approximately 2,100 tonnes 
of coal (Perusahaan Umum Listrik Negara, 1992).
In the next decade, coal consumption for electricity generating plants will increase sharply in 
Indonesia due to an extension of existing plants and the construction of new coal-fired plants. 
For instance, extensions to the Suralaya Plant (West Java) and Bukit Asam (South Sumatra) 
are planned and new plants at Central Java, Paiton (east Java), Ombilin (West Sumatra) and 
Barito (South Kalimantan) are on the drawing boards. By 2000, Suralaya will have a 3400 
MW capacity, making it only the second largest coal-fired plant in Indonesia next to the 
proposed Paiton Plant (4000 MW) if constructed. According to Perusahaan Umum Listrik 
Negara (1992), projected total Indonesian electricity capacity will increase from 6,420 MW 
in 1987 to 24,880 MW in 2000.
In 1987, the capacity of installed coal-fired electricity plants in Indonesia was 865 MW 
(13.5% of the total Indonesian electricity generation capacity); at the end of 1995 the capacity 
will reach 4,665 MW (18.8%) and by 2000 is expected to increase sharply, reaching 12,890 
MW or 51.8% of total Indonesian electricity plant capacity (Perusahaan Umum Listrik Negara,
1992).
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Figure 1.6 and Table 1.5 show the projected coal consumption in Indonesia between the years 
1994 to 2000. Perusahaan Umum Listrik Negara (1992) estimated that the 4,665 MW 
capacity coal-fired electricity plants will consume between 8.3 million tonnes of coal (54.2% 
of Indonesian total coal consumption; low estimate) and 12.1 million tonnes (63.5%, high 
estimate) in 1995. By 2000, the 12,890 MW plant capacity is estimated to consume between 
15.4 million tonnes (low estimate) and 28.9 million tonnes of coal (high estimate) 
corresponding to 54.9% (low estimate) and 69.5% (high estimate) of the total Indonesian coal 
consumption. Coal consumption for electricity will have an average growth rate between 
12.9% and 23.83% per annum during the period 1994 to 2000.
Projected coal demand for cement plants (Fig. 1.6 and Table 1.5) shows that the consumption 
will increase significantly until 2000 with an average growth rate of 8.11% per year. To 
produce 25.0 million tonnes of cement in 1995, plants will use 3.6 million tonnes of coal 
(between 18.7 to 23.5% of the total Indonesian consumption). By 2000, it is expected that 
the 36.9 million tonnes cement production will consume 5.3 million tonnes of coal (between 
12.8% to 18.8%).
Coal demand for other industries (such as steel industry, fertiliser industry and small-scale 
industry) and domestic use was estimated to increase significantly (Fig. 1.6 and Table 1.5) and 
will reach 3.4 million tonnes of coal (between 17.8% to 22.3% of the total Indonesian coal 
consumption) in 1995, compared to 0.4 million tonnes (4.9%) in 1992. In 1997 the demand 
will reach a maximum of 7.4 million tonnes (between 17.8% to 26.4%) and grow steadily 
until 2000.
Export of Indonesian coal started in 1939 with 0.7 million tonnes sold (0.4% of the total 
Indonesian coal production) to neighbouring countries such as Singapore, Malaysia and
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Thailand. Coal exports continued in 1940 and reached similar levels as recorded in 1939. 
However, from 1941 until 1975 coal was not exported.
Since 1976, Indonesia has again exported coal (Table 1.4 and Fig. 1.7) and by 1990, coal 
exports had increased significantly reaching 4.7 million tonnes (43.3% of the total production). 
Whereas the actual tonnage of coal that was exported increased, the percentage of coal 
exported as a percentage of the total Indonesian coal production had decreased by 1984 and 
reached a minimum level of 28.6% in 1987 (Fig. 1.8). This was mainly due to an increase 
in domestic consumption (Fig. 1.7) especially coal-fired electricity plants (Fig. 1.4). From 
1991 to 1992, coal exports increased sharply, reaching 17.1 million tonnes (72.2% of the total 
production (Fig. 1.8)) in 1992. Coal exports were expected to grow at an average rate of 
13.4% per year, or higher, to supply the expanding markets in Japan, Southeast Asian 
countries and Europe (Belgium and Holland).
The dramatic increase in Indonesian coal exports resulted from a competitiveness, due to both 
coal quality and price (a range between US $37 to US $60 per tonne FOB), on the World 
markets. In addition, geographically, Indonesian coal has an advantage due to the proximity 
to the Asian market compared to the other coal exporting countries such as Australia and 
China.
1.5 SCOPE AND AIMS OF THIS STUDY
Corresponding to the rapid increase in Indonesian coal exports and domestic consumption, a 
study of Southern Peranap coal is important as the area is probably one of the few remaining 
untouched coal-bearing areas in Sumatra.
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The main contribution of this study will be to assess data on the petrographic and chemical 
properties of the coals from Southern Peranap. These data will provide a better understanding 
of the coal properties and behaviour thus allowing Peranap producers to characterise their 
product and thus make it more competitive with other coals, both for domestic markets and 
export. Optimum utilisation by consumers both on the domestic and export scenes can be 
achieved.
This study is based on coal petrographic data obtained by the author and chemical data 
supplied by companies. Coal petrography methods are needed to assess the type and 
abundance of macerals, that is, coal type, and rank of the Southern Peranap coal. Chemical 
data are needed to determine chemical composition, data that are needed for preliminary 
utilisation studies.
The study is expected to provide a basic contribution for a future, more detailed study 
focussing on the utilisation of Southern Peranap coal. One field of research presently being 
undertaken on coals from elsewhere in Indonesia is the use of coal as an oil-substitute energy 
sources. The assessment of the potential of Peranap coal for this use is beyond the scope of 
this study.
Specifically, the aims of the study are as follows:
1. To describe and interpret coal type and rank trends of the various coal seams and their 
quality.
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2. To describe, interpret and correlate petrographical characteristic and the chemical properties 
of the Southern Peranap coal to assess potential uses.
3. To assess the properties of Southern Peranap coal related to environmental impacts.
1.6 SUMMARY
Coal exploration in Central Sumatra including Southern Peranap coal has been undertaken 
intensively since 1987. As a result, large quantities of Miocene coal have been found. Next 
to South Sumatra and Kalimantan, Central Sumatra has the third largest coal resources in 
Indonesia.
Development of Southern Peranap coal (Central Sumatra) is important in order to maintain 
a constant supply of coal for the future domestic market which has increased rapidly 
(especially for cement manufacture and electricity generation) since 1987, and also to increase 
coal exports. However, this development should be related to an integrated regional 
development program, involving government policy, producers and consumers.
The significance of this study is to provide a data base for assessing the potential and 
optimum uses of the Miocene coal from the Southern Peranap area.
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FIGURE 1.1 LOCATION MAP OF THE SOUTHERN PERANAP COALFIELD, CENTRAL 
SUMATRA BASIN
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FIGURE 1.2 INDONESIA'S COAL PRODUCTION, 1939-1993
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FIGURE 1. 3 CONTRIBUTION OF SUMATRAN COAL AS PERCENTAGE OF 
TOTAL PRODUCTION IN INDONESIAN COAL
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FIGURE 1.4 COAL CONSUMPTION IN INDONESIA, 1971-1993
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FIGURE 1.5 INDONESIA'S COAL CONSUMPTION, EXPORT AND PRODUCTION , 1992
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FIGURE 1.6 PROJECTION OF INDONESIA’S COAL CONSUMPTION, 1994-2000
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FIGURE 1.7 DOMESTIC COAL CONSUMPTION AND EXPORT, 1972-1992
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FIGURE 1. 8 COAL CONSUMPTION AND EXPORT AS PERCENTAGE OF 
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TABLE 1 1 ESTIMATION OF INDONESIAN COAL RESOURCES
Million Tenues
REGION /AREA ME AS U R c.D INDICATED 
a INFERRED
HYPOTHETIC TOTAL PERC ENTAGE
SUMATRA 2 , 9 8 7.8 8 x 13,440.367 6,3 4 2 . 390 24,776.238 6 7.00
North Suaatra 1 , 274 . 000 4 3 3 . 000 1 , 70 7.000 4.68
Central Suaatra 717.320 2,428.939 1,019.000 4,165.759 1 1 . 4 i
South Suaatra 2 , 243.024 9,709.500 6,390.390 13,843.514 5 1.63
Be ngkulu 27.037 3 2 , 9 2 8 - 59.965 0.16
KALIMANTAN 2,173.531 6,961.834 2,307.241 li,442.666 3 1.35
West Kaliaantan 1.801 280.398 1,837.900 2,120.099 5.81
South Kalimantan 1,112.730 2,516.496 - 3 , 6 2 9 . 2 2 6 3.94
East Kalimantan o o o o 3 ,925 . 000 33.031 5,017.031 13.75
Central Kalimantan - 240.000 4 3 6 . 3 i 0 676.310 1,85
JAVA 12. 148 28.616 19.953 60.717 0.17
West Java 1 2 . i 4 8 25.390 9.054 46.592 0.13
Central Java “ 3.226 10.839 14.125 0.04
SULAWESI 5.476 131.000 6.616 136.476 0.37
South Sulawesi 5.476 131.000 6 . 6 1 (3 136.476 0.37
IRIAN JAYA - 35,114 - 83.114 0.23
Salawat i - 83.114 - 83.114 0.23
TOTAL 5 , 1 79.036 20,649.991 10,670.184 36,499.211 100.00
Sources: Suhandojo, 1989; Busono, 1990 ; Mangunwijaya, 1 992 ; 
Directorate of Coal, 1993
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TABLE 1 2 ESTIMATION OF SUMATRAN COAL RESOURCES
Million Tonnes
BEG I ON/AREA MEASURED INDICATED 
o. INFERRED
HYPOTHETIC TOTAL PERCENTAGE
I . North Sunat ra :
- Meulaboh (Aceh) - 1 , 274.000 433.000 1,707.000 6 . 9
Subtotal I: - 1 , 2 74.000 433.000 1,707.000 6 , 3
II. Central Sumatra :
- Ombilin
- Cerenti
- Peranap
- Sinamar, Painan 5. others
135.220 
388.875 
193 . 725
23.715 
9 70 . 700 
1,244.410 
190.114
700.000
319.000
158.935
2,059.575
1,438.135
509.114
0.6 
8.3 
5.8 
2 . 1
Subtotal II: 717.320 2,428.939 1 ,019.000 4,165.759 16.3
III. South Sumatra :
- Air Laya
- Muara Tiga
- Banko
- Suban & Suban Jeriji
- Arahan
- Klawas, Air Petai
- Banjarsari, Kungkilan
- Musi Rawas & others
202.844 
4 9 9 , 780 
868.000 
15 . 200 
506.000 
148.200
34.770 
1 , 1 70.000
1.150.000 
1,675.230
2.210.000 
30.000
2,922.000 
5 1 7.000
100.000 
6,790.990
237.614 
1,769.780 
2,018.000 
1 ,690.000
2.716.000 
178.200
2.922.000 
7,307.990
1 .0
7 . 1
8 . 1 
6.3
i 1 . 0 
0.8 
11.3 
29.5
Subtotal III: 2,243 . 024 9 , 709.500 6,890.990 13,843.514 76 . 1
IV. Bengkuiu : 27.037 32.928 - 59.965 0.2
Subtotal IV: 27.037 32.923 - 59.965 0.2
TOTAL 2,987.881 13,445.367 8,342.990 24,776.238 100.00
Sources: Suhandojc, 1989; Busono, 1990; Mangunwijaya, 1992;
Directorate of Coal, 1993 5
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TABLE 1.3 EXISTING AND PROJECTED INDONESIAN COAL
PRODUCTION
xlOOO Tonnes
Year Sumatra Kalimantan 
&• Others
Total
1939 1222.4 558.2 1780.6
1940 1425.5 575.2 2000.7
1941 1401.5 627.4 2028.9
1945 107.1 - 107.1
1952 968.6 - 968.6
1964 445.9 - 445.9
1965 350.3 40.2 390.5
1966 285.7 34.3 320.0
1967 188.6 20.0 208.6
1968 160.0 16.4 176.4
1969 182.0 8.2 190.4
1970 168.0 4.0 172.0
1971 198.3 - 198.3
1972 179.2 - 179.2
1973 148.8 - 148.8
1974 156.9 - 156.9
1975 206.4 - 206.4
1976 192.9 - 192.9
1977 230.6 - 230.6
1978 264.2 - 264.2
1979 27S.6 - 278.6
1980 303.9 34.0 337.9
1981 350.4 48.4 398.8
1982 481.0 107.0 588.0
1983 485.6 162.6 648.2
1984 1084.7 381.9 1466.6
1985 1586.2 485.3 2071.5
1986 1858.3 892.0 2750.3
1987 2197.0 1281.8 3478.8
1938 3357.6 1818.1 5175.7
1989 5329.9 4146.1 9476.0
1990 6204.0 4606.0 10810.0
1991 5985.0 10566.0 16551.0
1992 6450.0 17170.0 23620.0
, 1993 6560.0 23530.0 30090.0
1994 6600.0 27600.0 34200.0
1995 6900.0 29800.0 36700.0
1996 6950.0 31750.0 38700.0
1997 7450.0 33550.0 41000.0
1998 8950.0 35050.0 44000.0
1999 10700.0 36300.0 47000.0
2000 13820.0 36180.0 50000.0
Sources: Johannas, 1989; Busono, 1990; Sulistijo, 1990;
Mangunwijaya, 1992; Directorate of Coal, 1993
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TABLE 1.4 EXISTING INDONESIAN COAL CONSUMPTION AND EXPORT
xlOOO Tonnes
YEAR
CONSUMPTION
EXPORT
Electricity Cement. Others Total
1971 93.1 — 102.5 195.6 -
1972 87.4 51.9 51.3 190.6 -
1973 61.6 42.6 44.4 148.6 -
1974 71.4 45.9 40.0 157.3 -
1975 91.2 50.3 56.2 197.7 -
1976 79.9 43.3 10.0 133.2 7.0
1977 88.6 67.0 39.6 195.2 19.0
19 7 S 91.1 69.4 37.8 198.3 27.0
1979 74.4 82.5 35.4 192.3 52.0
19 SO 75.5 132.8 38.3 246.6 113.0
1931 76.4 153.8 28.3 258.5 157.0
1982 62.4 155.0 29.0 246.4 211.0
1983 49.3 196.8 15.3 261.4 415.0
1984 149.7 278.7 13.9 442.3 868.0
1985 212.0 468.2 50.0 730.2 1018.0
1986 470.0 616.0 50.0 1136.0 975.0
1987 1748.3 847.3 50.0 2645.6 994.0
1988 2043.0 939.4 50.0 3032.4 1536.0
1989 4600.4 1702.7 50.0 6353.1 2982.0
1990 4762.0 1901.0 50.0 6713.0 4679.0
1991 5245.0 1944.1 100.0 7289.1 8719.0
1992 5300.0 2637.7 400.0 8337.7 17065 .0
1993 6630.0 3033.3 700.0 10363.3
Sorces: Busuno, 1990; Mangunwijaya, 1992; Wardijasa, 1992 ; 
Perusahaan H u m  Listrik Negara, 1992;
Directorate of Coal, 1993.
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TABLE 1.5 PROJECTED INDONESIAN COAL CONSUMPTION
xlOOO Tonnes
YEAR
CONSUMPTION
Electricity Cement Others Total
1994 7 9 7 5 .0 ( L ) 3301.2 1400.0 12676.2
9900.0(H) 3301.2 1400.0 14601.2
1995 8250.0(L) 3570.4 3400.0 15220.4
12100.0(H) 3570.4 3400.0 19070.4
1996 9075.0(L) 3874.4 5400.0 18349.4
14300.0(H) 3874.4 5400.0 23574.4
1997 10450.0(L) 4200.5 7400.0 22050.5
17600.0(H) 4200.5 7400.0 29200.5
199S 12100.0(L) 4561.0 7400.0 24061.0
20900.0(H) 4561.0 7400.0 32861 .0
1999 13750.0(L) 4903.0 7400.0 26053.0
24720.0(H) 4903.0 7400.0 37023.0
2000 15400.OÍL) 5270.7 7400.0 28070.7
28900.0iH) 5270.7 7400.0 41570.7
(L)= Low (H)= High 
Sorces: Busuno, 1990; Hangumjaya, 1992; Wardijasa, 1992; 
Perusahaan Ura Listrik Negara, 1992;
Directorate of Coal, 1993.
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CHAPTER TWO
GEOLOGY OF THE CENTRAL SUMATRA BASIN
2.1 INTRODUCTION
Many Indonesian Tertiary basins formed as a consequence of the collision between the 
Indo-Australian Plate and the Sunda Shield which is part of the Eurasian Plate (Katili, 
1973; 1980; De Coster, 1974; Koesoemadinata and Pulunggono, 1975; Pulunggono, 1976; 
Hamilton, 1979). With respect to Sumatra Island, this interaction caused strong 
deformation of the Mesozoic and Palaeozoic complexes that form the Barisan Range which 
is located along the western side of the island. On the eastern side of the Barisan Range, 
and along the western edge of the Sunda Craton, a series of Tertiary basins were 
developed; one of those basins is the Central Sumatra Basin (Fig. 2.1) in which the 
Peranap Coalfield is located.
The Central Sumatra Basin is considered to be one of the subbasins of the large Central- 
South Sumatra Basin (De Coster, 1974; Harsa, 1975). Of the subbasins, the Central 
Sumatra Basin has the greatest potential for the discovery of additional oil, oil shale and 
coal-bearing sequences. The Central Sumatra Basin is an asymmetric basin (De Coster, 
1974) bounded to the northeast by the Sunda Shelf, to the southwest by faults and uplifted 
pre-Tertiary rocks which form the mountain front of the Bukit Barisan Range, to the north 
and northwest by the Asahan Arch and to the east and southeast by the Bukit Limau and 
Duabelas Mountains and the Tigapuluh High. The prominent features separate the Central
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Sumatra Basin from the South Sumatra Basin (Fig. 2.2).
Deposition of Tertiary sediments took place during a period of relative tectonic quiescence 
between periods of tectonic upheaval in the Late Cretaceous-Early Tertiary and the Plio- 
Pleistocene (De Coster, 1974). The tectonic quiescence possibly resulted from a reduction 
in the rate of sea-floor spreading at that time. As a result, deposition of the Tertiary 
sequences was controlled by basin subsidence, erosion of the sediment source areas and 
eustatic sea-level changes.
Indonesian Tertiary basins are classified as foreland basins, intramontane basins and 
interarc basins. In relation to island arc systems, the basins also have been traditionally 
classified as backdeep, interdeep and foredeep basins (Fig. 2.3). Interarc (interdeep) basins 
develop between the non-volcanic outer arc and the uplifted zone of the volcanic inner-arc. 
Foredeep basins form in situations where the continental crust is on one flank and oceanic 
crust on the other.
On the basis of the basin evolution concept, Koesoemadinata et al., (1978a) recognised that 
the intramontane basins developed in the Early Tertiary and are commonly related to the 
uplifted zones of the volcanic inner-arc or geanticline. Foreland basins or back deep 
basins developed in the Late Tertiary and are, for the most part, superimposed on the 
Paleogene intramontane basins. Interdeep basins also developed in the Late Tertiary.
In general terms, the Indonesian Tertiary basins can be categorised on the basis of two 
major depositional periods or cycles, referred to as the Paleogene and Neogene cycles (Fig. 
2.4). The complete basin fill sequence commonly represents one major transgressive- 
regressive sedimentary phase during one of those cycles. Each cycle is accompanied by
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periodic volcanic activity and movement along the axes of basement faults. Paleogene 
basins include intramontane basins and some
continental margin basins whereas Neogene basins include foreland basins, interdeep 
basins and some continental margin basins.
The deposition of coal occurred twice, during the pre-transgressive stage in Paleogene 
intramontane basins and in the late regressive stage in Neogene basins.
The deposition of coal sequences during the transgressive phase within the Paleogene 
intramontane basins, took place in the Eocene-Oligocene. After an initial stage of marine 
ingression, terrestrial deposits which were composed mostly of mixed volcanic, clastic, 
alluvial fan and braided-stream, lacustrine and paludal sediments, were deposited. The 
Paleogene coal deposits have been exposed and mined in the Ombilin Coalfield (Fig. 2.4).
The deposition of coal sequences during the regressive stage of the Neogene period began 
in the late Middle Miocene with the slow withdrawal of the sea and the shallowing of the 
depositional environment from deeper marine to shallow marine, then to paludal, deltaic 
and continental conditions.
In the central Sumatra Basin, the Tertiary sediments were deposited in a transgressive- 
regressive cycle which extended from the Paleocene-Eocene to the Plio-Pleistocene. The 
formations which were deposited during this transgressive stage include the Kelesa, Lakat, 
Tualang and Telisa Formations. Formations deposited during the regressive cycle are the 
Binio, Korinci and Nilo Formation. The Paleogene and Neogene sedimentary rocks are 
the most important sequences as these contain the economic coal deposits (Koesoemadinata
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et a l, 1978a). The Korinci Formation contains the coals with the most economic potential 
and these formed as a result of widespread and intensive swamp conditions during the 
regressive stage.
2.2 TECTONIC SETTING
Details of the tectonic setting of the Central Sumatra Basin and aspects of the geology in 
the following sections of this chapter are taken from the publications cited above. The 
structural features present in the Central Sumatra Basin result from orogenic activity. At 
least three separate orogenic phases have been recognised in the basin (Eubank and Makki, 
1981). The first orogenic phase occurred in the middle Mesozoic and affected the 
Paleozoic-Mesozoic strata which were metamorphosed, intensely folded and faulted into 
large structural blocks or belts which were intruded by granitic batholiths (Mertosono and 
Nayoan, 1974; De Coster, 1974). The general trend direction of the fault sets and grabens 
resulting from this tectonic event are north-south and northwest-southeast (De Coster, 
1974).
The second orogenic event occurred in the Late Cretaceous to Early Tertiary, when 
grabens and fault blocks were formed in the basin. This orogenic phase was characterised 
by transform faults which have a general trend direction of north-northwest - south- 
southeast.
The last orogenic event occurred in the Plio-Pleistocene and resulted in the most prominent 
young structural features of Sumatran geology, including the Great Sumatra Fault (also 
called the Semangko Wrench Fault), the Bukit Barisan Uplift and many high angle reverse
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faults. The Tertiary sediments were folded and faulted, producing a general, northwest - 
southeast trend (Fig. 2.5). Rejuvenation of several previous faults occurred as a result of 
this tectonic event (Soedarsono, 1974).
2.3 STRATIGRAPHY AND DEPOSITIONAL HISTORY
The initial deposition of Tertiary sediments in the basin occurred in the Late Eocene and 
Early Oligocene within a continental environment (Fig. 2.6). These deposits are 
represented by the Kelesa Formation which infilled lows on a terrain of substantial 
topographic relief which had developed as a result of the mid-Mesozoic orogeny, faulting 
during the Late Cretaceous and Early Tertiary and differential erosion of the pre-Tertiary 
basement rocks. The Kelesa Formation is composed of conglomerate, coarse-grained 
quartz sandstone, shale, thin coal beds and tuffaceous rocks. The thickness of this 
formation varies depending on the palaeotopography; a maximum thickness of 1220 metres 
is found in the southern part of the basin.
The Kelesa Formation is characterised by a feldspathic conglomerate unit with tuffaceous 
continental sediments; it was deposited as a set of alluvial fan, braided stream, valley fill 
and piedmont deposits. The feldspathic unit is probably derived from an erosional product 
of nearby granitic hills. The tuffs were derived from intermittent volcanism and possibly 
from erosion of earlier deposited tuffs.
In the Early Oligocene, gradual deepening occurred in some parts of the Central Sumatra 
Basin resulting in the shale sequences which were deposited in a fresh water to brackish 
water lacustrine environment (Harsa, 1975). During this time, the lakes may have had
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intermittent connections with the adjacent seas in which limestone and glauconite-rich beds 
were deposited. In the Middle Oligocene, regional uplift interrupted deposition of the 
Kelesa Formation resulting in an unconformable contact between the Kelesa Formation and 
the overlying Lakat Formation (De Coster, 1974).
Deposition of the Lakat Formation began in the Early Miocene. This formation is 
characterised by deltaic, fluviatile and inner neritic to shoreface marine environments. 
During this time, the connection to the open marine conditions became more significant 
and the sea gradually encroached into the basin. Topographic relief became less 
pronounced as sedimentation continued and the Tiga Puluh High probably received 
sediments during this time. The Lakat Formation consists of relatively clean massive 
quartz sandstone and upward-fining sandstone with thin interbedded shale, thin coal layers 
and mudstone. The thickness of this formation varies with possibly more than 336 metres 
the likely maximum thickness.
As the sea level rose in the Early Miocene, deposition in a marine environment continued 
resulting in deposition of the Tualang Formation which overlies the Lakat Formation. 
Widespread mudstone, glauconitic sandstone and siltstone were deposited throughout the 
basin as was a unit of interbedded calcareous shale with glauconitic sandstone and 
siltstone; these were deposited in shallow to middle neritic environments. The thickness 
of Tualang Formation varies from 61 to 184 metres.
In the early part of Middle Miocene, marine conditions became more widespread and basin 
subsidence exceeded sedimentation. Sedimentation resulted in deposition of the Telisa 
Formation which is mainly composed of marine shale, rare limestone, glauconitic siltstone
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and sandstone. Siltstone, fine-grained sandstone and limestone with shale occur along the 
basin rim and shelfal areas. These were deposited in a shallow marine environment (Lee, 
1982). During this time, the basin experienced the maximum marine incursion and the 
most widespread phase of deposition. The sea covered most of the topographic highs in 
the basin, for example, the Asahan Arc in the northern part of the basin and the Tiga Puluh 
Mountain in the southeast of the basin; both were covered by shallow seas and the Central 
Sumatra Basin was connected to the South Sumatra Basin at this time (De Coster, 1974). 
The thickness of the Telisa formation varies greatly throughout the basin and is probably 
as thick as 1800 to 2700 metres.
In the Middle Miocene, regional tectonism occurred, followed by regional uplift, volcanism 
and intrusion of diapiric stocks and batholiths. Consequently, the sea became shallower 
and the environment of the deposition gradually changed from neritic to continental (De 
Coster, 1974). During this period of marine regression, the Binio and Korinci Formations 
were deposited in shallow-inner neritic to paludal to deltaic environments
The Binio Formation, which overlies the Telisa Formation is composed of shale with 
glauconitic sandstone and rare limestone and thin coal layers. These rocks were deposited 
in a neritic environment, at the base, grading to a shallow marine environment at the top 
of formation. The Binio Formation was deposited during the early stage of the Middle 
Miocene regressive cycle. The thickness of this formation is approximately 1000 to 1500 
metres.
Overlying the Binio Formation is the Korinci Formation which consists of sandstone, 
mudstone and coal deposited in a shallow marine to brackish environment (at the base of
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the unit) and paludal, delta plain and non-marine environments (at the top of the unit). 
The thickness of the formation varies considerably throughout the basin and is possibly as 
thick as 450 to 750 metres in parts. The Korinci Formation is extensive and was deposited 
over a widespread area throughout the basin. In parts of the basin swamp and marsh 
conditions existed and it is in these that thick coal seams were formed at this time.
The last major tectonic event in the Central Sumatra Basin occurred in the Plio- 
Pleistocene. The Plio-Pleistocene orogeny was probably the result of renewed collision 
between the Indo-Australian Plate and the Sumatra section of the Eurasian plate. During 
that time, the Nilo Formation was deposited. This unit consists mostly of the erosional 
products derived from the uplifted folded areas which had formed in the basin during an 
earlier orogeny, and from the uplifted Barisan and Tiga Puluh Mountains.
Quaternary sediments are alluvium, clay, sand and peat; these were deposited over the 
Tertiary sediments.
2.4 COAL RESOURCES IN THE SOUTHERN PERANAP COALFIELD
2.4.1 Structural Setting
The uplift of the Barisan Mountain Range due to the subsidence of the Indo-Australia Plate 
under the Sumatra continent, strongly influenced the regional pattern of the geological 
structures of the Tertiary Central Sumatra Basin.
The prominent general structural patterns developed in the basin trend N-S and NW-SE. 
Both directions are the result of activity during the Tertiary time. The older N-S fold and
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fault sets are remnant structures dating from the Mid-Mesozoic orogeny when grabben and 
fault blocks were formed in the basin. However, the most prominent structural patterns 
are NW-SE trending folds and faults sets formed during Plio-Pleistocene orogeny.
In the surrounding area, three major anticlines with NW-SE axial directions, follow the 
general structural trend of Sumatra (Fig. 2.5). One anticline is located in the northwestern 
part of the basin and plunges toward the southeast; the second is located in the 
southwestern part and plunges to the northwest; a third is located in the far northeast and 
plunges to the northwest.
The Cerenti Syncline along the western side of the study area has a northeast to southwest 
axial direction which is the regional structural pattern (Fig. 2.7). Local faults also have 
similar trends to the Cerenti Syncline. The reason for the difference is still not clear. 
However, they may be related to the movement of a block, having experienced the 
torsional movement which commonly forms an echelon structural features, and/or the 
differential local movement caused by the differential resistance to the compression stress 
from the southeast which controlled the regional structural trend (CSCEP, 1990).
2.4.2 Coal in the Korinci Formation
Coal seams occur in many Tertiary formations such as the Paleogene Kelesa and Lakat 
Formations and the Neogene Binio and Korinci Formations. The Neogene coals are of 
economic potential mainly where they occur in the Korinci Formation as is the case with 
the Southern Peranap coal deposit.
In the study area, the Korinci Formation is overlain unconformably by Quaternary alluvial
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deposits and is conformably underlain by the Binio Formation. The Binio Formation is 
mainly composed of shale with fine- to coarse-grained, light to greenish-grey glauconitic 
sandstone with intercalated light grey to grey siltstone and claystone. The Binio Formation 
was deposited in a neritic to shallow marine environment during the Middle Miocene.
After the deposition of the Binio Formation, the sea level proceeded to drop as a 
consequence of a world-wide sea level change approximately 13 million years before 
present time, in the late Middle Miocene. This event was followed by shallowing of the 
depositional environment from neritic to shallow marine to paludal and then to fluvio- 
deltaic and continental conditions. The clastic sediments were then covered by an 
extensive swampland and marsh environment throughout the basin. Under these 
swampland and marsh conditions, large quantities of organic matter accumulated and were 
transformed into coals of the Korinci Formation.
The Korinci Formation is divided into the Lower and Upper Members (Fig. 2.8). The 
Lower Member is barren of coal, whereas the Upper Member is characterised by the 
abundance of coal seams. The R seam is the lowermost coal seam in the Upper Member 
and is recognised as the boundary between these two members.
The Lower Member is mostly composed of greenish-grey to pale grey claystone and 
siltstone, intercalated with pale grey, fine- to coarse-grained sandstone. Total thickness 
of the member ranges from 40 metres to 60 metres. The Upper Member is mainly 
composed of the light-grey claystone, siltstone, fine- to coarse-grained sandstone and coal, 
intercalated with carbonaceous claystone and pale coloured bentonitic claystone. This 
member has a total thickness of 180 metres to 300 metres.
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2.4.3 Coal Resources
The coal-bearing sequence of the Korinci Formation is characterised by numerous fining- 
upward cycles commonly about 10 metres thick. Coarse-grained sandstone with siderite 
nodules and wood fragments commonly occur at the base. The unit then grades upwards, 
through fine-grained sandstone and siltstone to interbedded siltstone. This is overlain by 
the coals which, in turn, are overlain by siltstone or brown mudstone and occasionally 
bentonitic claystone.
In the Southern Peranap Coalfield, the coal seams of the Korinci Formation are designated 
the P2, P I, Lower P (LP), Upper Q (UQ), Q2, Q1 and Lower Q (LQ) seams. All were 
identified as mineable coal seams with a total cumulative thickness between 15 to 26 
metres. The R seam is of no economic value in the Peranap Coalfield although elsewhere 
it is. The coal beds in the Southern Peranap area are gently dipping at approximately 
between 2° to 3° to the west.
The Lower P (LP), Upper Q (UQ), Q2 and Q1 seams are relatively thicker and better 
developed laterally, whereas the P2, PI and LQ are rather thin and vary in thickness 
laterally.
Facies variations in the coal seams of the Southern Peranap area include seam splits which 
grade into coaly shale or coaly claystone. The coal seams are mostly dull, dark brown in 
colour and contain easily identifiable woody plant material and small resin bodies. The 
coals of P2, PI and LQ seams deteriorate in quality toward the south, with the LP seam 
containing coaly claystone dirt bands. The Upper Q (UQ) seam thins toward the north and 
in the south coalesces with a split of the Q2 (Q2B) seam. The Q2 seam is adversely
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affected by splits in the south where it coalesces with the UQ seam. The Q1 seam thins 
toward the south.
The overlying unit above the coal is characterised by numerous carbonaceous layers and 
tuffaceous sediments within this predominantly clastic unit. This overburden is composed 
mainly of light grey sandstone, siltstone and intercalated claystone and carbonaceous 
layers.
2.5 SUMMARY
The Central Sumatra Basin is identified as a backdeep or foreland basin of the Alpidic 
Fold Chain (a former island arc) and is parallel to the subduction zone along the plate 
boundary which runs from south-west of Sumatra to south Java. The development of this 
foreland basin started in the lower Miocene with continental fluvial, limnic lagoonal and 
open marine phases. The size and shape of the basin were controlled by wrench-faulting 
tectonics related to the Great Sumatran Fault Zone. Much of the sedimentary detritus was 
derived from contemporaneous volcanicity from an volcanic arc southwest of the basin.
Geologically, the Central Sumatra Basin is a Tertiary depositional basin composed of 
sedimentary rocks which unconformably rest on basement consisting of the pre-Tertiary 
metamorphic and igneous rocks and are unconformably overlain by Tertiary sedimentary 
rocks.
The most economic coal deposits in the Central Sumatra Basin are of Neogene age and 
occur in the Korinci Formation which was deposited during the Late Miocene to Pliocene. 
The Formation is subdivided into the Lower Member and Upper Member; the latter
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contains the economic coal deposit.
The middle part of the Upper Member is a coal-bearing sequence which is approximately 
70 to 150 metres thick. In the Southern Peranap area, this unit contains the coal seams 
(from the top to bottom) P2, PI, Lower P (LP), Upper Q (UQ), Q2, Q l, Lower Q (LQ), 
all of which have economic value. The much deeper R seam is thin and is therefore not 
prospective. The accumulated coal seam thickness of P2 to LQ seams averages 
approximately 24 metres.
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FIGURE 2.1 CROSS SECTION OF AN ISLAND ARC SYSTEM SHOWING THE PROBABLE
DEVELOPMENT OF THE CENTRAL SUMATRA BACK-ARC BASIN (from EUBANK
AND MAKKI, 1981)
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FIGURE 2.2 LOCATION MAP OF CENTRAL SUMATRA BACK-ARC BASIN (FROM De COSTER,
1974; HARSA, 1975)
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FIGURE 2.3 CROSS SECTION OF AN ISLAND ARC SYSTEM SHOWING THE
DIFFERENT TYPES OF BASINS (from KOESOEMADINATA et al., 
1978a)
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FIGURE 2.4 PALEOGENE AND NEOGENE BASINS OF THE SUMATRA COAL 
PROVINCE (from KOESOEMADINATA et al. , 1978a)
FIGURE 2.5 REGIONAL GEOLOGICAL MAP OF PERANAP AND SURROUNDING AREA (After CSCEP, 1989)
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FIGURE 2.6 REGIONAL STRATIGRAPHY OF THE CENTRAL SUMATRA BASIN 
(from De COSTER, 1974)
FIGURE 2.7 GENERAL GEOLOGICAL STRUCTURE OF THE SOUTHERN PERANAP COALFIELD, 
CENTRAL SUMATRA (After .CSCEP, 1990)
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CHAPTER THREE
TERMINOLOGY, COAL TYPE AND RANK
3.1 NOMENCLATURE
Coal can be defined as a combustible sedimentary rock derived from plant remains which 
underwent various stages of alteration; compaction of the buried plant material was an 
important factor as well as the alteration of primary plants detritus (ICCP, 1963). Coal can 
be regarded as a very complex mixture of organic compounds and mineral matter. Both 
components determine the chemical and physical properties of the coal.
Proximate analysis, derived from the term "approximate analysis" (Montgomery, 1978), 
measures the relative amounts of volatile organic matter (or small organic compounds) and 
non-volatile organic matter (large organic compounds or fixed carbon). This analysis also 
examines the moisture content and ash (or residue of the coal, that is, the inorganic 
components left after the coal is burned). Both are needed to calculate ash free carbon and 
volatile matter contents.
Ultimate analysis gives the total amounts of each of the principal chemical elements in 
coal including carbon, hydrogen, oxygen, nitrogen and sulphur.
The results of proximate and ultimate analyses are generally given because this information 
about the coal characteristics is needed for prediction of potential uses of specific coals.
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However, more specific tests are useful in order to gather comprehensive information on 
various aspects of the coal properties. For instance, tests to identify the physical properties 
of coal, such as Hardgrove Grindability Index, specific energy and coal petrology are also 
needed because these allow prediction of the behaviour and also measure the rank or 
degree of coalification of coals.
In this present study, the standard methods which are applied to determine the chemical 
properties of coal follow the International Standard Organisation (I.S.O) tests. The reason 
for following the I.S.O standard methods, in preference to the ASTM (American Society 
for Testing and Materials) methods is that many of the I.S.O. tests are specific for low 
rank coals whereas all ASTM standard methods are specific for hard coals (rank equivalent 
to vitrinite reflectance of >0.6%). Most ASTM tests are unsuitable for use with low rank 
coals. Other reasons for using the I.S.O standards are that most of the equipment used in 
the Directorate of Coal Laboratory in Tanjung Enim, South Sumatra is suitable for I.S.O 
standard testing. Moreover, the I.S.O method for most tests is essentially identical to 
British, Australian and D.I.N. standard test methods and this allows valid comparisons 
which are critical if low rank coals from Sumatra and other areas of Indonesia are to be 
appraised fairly for the domestic market and of even more importance, for the competitive 
export markets.
The formation of coal is basically dependent on two factors - the type of peat-forming 
flora which in turn is probably influenced by the associated depositional environment, and 
the degree of alteration which is a function of time, temperature and pressure. These 
factors influence both the type and rank of the coal.
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Petrographically, coal can be defined in terms of lithotypes, microlithotypes, macerals and 
mineral matter all of which may be present in any coal in varying proportions (Bustin et 
al., 1983). The petrographic characteristic of coal can be considered in terms of the two 
essential independent concepts - coal type and coal rank.
3.2 COAL TYPE
Coal type is related to the type of flora, the depositional environments and changes that 
the organic matter undergoes during coalification. Differences in type are caused by 
responses to various factors present during the first (biochemical) stage of coalification. 
Coal type is function of both the type of primary input of precursor organic material that 
was deposited as peat and the nature and the extent of the degree of alteration of peat 
components during the early stages of diagenesis (Stach, 1968; Cook, 1982; Hutton, 1984).
The development of peat is spatially and temporally tied to floral composition or source 
materials. Plant detritus or peat undergoes chemical and physical degradation within the 
environment of deposition resulting in specific characteristics and properties. The 
decomposition of peat is influenced by the condition of the swamp or mire water 
chemistry, groundwater level, nutrient or ionic supply and acidity (pH). The pH of the 
swamp water controls the rate and degree of plant degradation and the microbial activity 
within the degrading peat (Renton et a i, 1979; Cecil et al., 1980; Diessel, 1980). 
Groundwater level (rising or falling depending on whether the climate is wet or dry) plays 
an important role in the redox-potential reaction which determines the degree of 
preservation of the plant remains during peatification (Teichmuller, 1989). The nutrient 
abundance (at moderate to high pH levels) oxygenated waters, alkaline ions and microbial
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organisms strongly promote humification and gélification of the plant matter (Teichmuller, 
1982; 1989). The decomposition of ligno-cellulosic tissues by chemical action or fungae 
produces a colloidal humic gel which is later transformed into the gelified macérais in 
coal. Smaller plant tissues or cellulose-rich herbaceous vegetation, such as grasses and 
reeds, are degraded into finer fragments and form finely laminated, matrix-like macérais.
Physical diminution and chemical decomposition, which occur during coalification within 
the environment of deposition, are significant factors leading to petrographic variation. 
The petrographic variation of a coal is also related to palaeoclimate, geological age and 
tectonic setting.
Climate influences the nature of the peat-forming flora on which organic type is dependant, 
and, in so far as floral type is prescribed by geological age, age is also an influencing 
factor. Stach (1982) stated that in a moist, warm climate, a coal with many bright bands 
forms whereas a less bright coal is produced by temperate or cool climates. Cook (1975) 
suggested that a dry climate may have been responsible for the abundance of inertinite-rich 
coals in late Permian coals of Australia.
The effect of tectonic setting has been reported by numerous authors, many of whom 
stated that the coals which form in foredeeps of continuously subsiding tectonic or active 
geosyncline environments is vitrinite-rich and coals that form in more stable environments, 
such as foredeep cratonic basins, are inertinite-rich (Shibaoka and Smyth, 1975; Laskar, 
1977). Variations in the factors affecting coal formation, result in the development of 
coals with spatial or temporal variations in coal type; this is termed provincialism (Cook
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A.C.,1975). Thus certain groups of coals are recognisably distinct from coals in other 
parts of the same seams or from coal in other basins.
Petrographically, coal can be assessed in terms of lithotypes (Stopes, 1919; Seyler, 1954), 
microlithotypes (Seyler, 1954), or macerals (Stopes, 1935). Of these, the maceral 
subdivisions are the most commonly used when assessing coal properties. Macerals do 
not occur individually accept in rare situations; each maceral is normally associated with 
one or other macerals in different proportions (Bustin et al., 1983); this is the concept of 
microlithotypes. Lithotypes are composed of one or more microlithotypes; when viewed 
macroscopically (or in hand specimen) each lithotype has a relatively constant, 
recognisable appearance.
The macroclassification of coal can be defined in terms of four different lithotypes; vitrain, 
clarain, fusain and durain. Vitrain is composed of abundant vitrinite; clarain contains 
variable proportions of vitrinite, liptinite and inertinite, both are examples of bright coals 
(Stopes, 1919). Fusain, the term was introduced by Grand’Eury (1882), and durain 
(Stopes, 1919) were introduced for fibrous coal with a silky lustre and dull coal 
respectively. In addition, there are two lithotypes for sapropelic coals (Krevelen, 1961); 
cannel coal and boghead coal (or torbanite). Cannel coal is black whereas boghead coal 
is a dull greenish to brownish colour.
Microlithotypes are the microscopic analogues of the lithotypes. The International 
Committee for Coal Petrology (I.C.C.P., 1963) stated that coal microlithotypes are defined 
as typical associations of macerals with a minimum layer width of 50 micrometres. 
Microlithotypes are identified according to their major components only. The three main
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groups of microlithotypes are monomaceralic, bimaceralic, and trimaceralic 
microlithotypes, representing macerals from one, two and three maceral groups 
respectively. Table 3.1 gives a summary of the microlithotype classification (I.C.C.P., 
1963; Stach et al., 1982).
Macerals, which are analogous to the minerals in inorganic rocks, are the basic organic 
components of coal, and are predominantly defined by the use of morphology, optical 
properties and origin.
Macerals are classified into three main maceral groups; vitrinite, inertinite and liptinite 
(formerly called exinite). Vitrinite macerals are derived from woody tissue and commonly 
are the most abundant macerals in coal. Vitrinite has more hydrogen and oxygen, but has 
less carbon, than inertinite.
Vitrinite terminology has been subjected to modification for almost as many years as has 
vitrinite been recognised. For example, as early as the 1960s, Brown et a l  (1964) divided 
vitrinite into two groups - vitrinite A (a homogeneous, higher reflectance variety) and 
vitrinite B (a finely laminated, matrix variety). These terms are now regarded to be 
synonymous with telocollinite and detrovitrinite respectively and the former terms, 
subsequently, are used less in modern studies.
With the ICCP system, the term huminite is used instead of vitrinite when referring to 
brown coals with a vitrinite reflectance of <0.5%; in the low rank coals, the macerals 
of liptinite and inertinite are given the same names as those for the higher rank coals. 
Tables 3.3 and 3.4 show the classifications of macerals for high rank and low rank coal
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respectively (ICCP, 1963; 1971; 1975).
Since the concept of macérais was introduced by Stopes (1919), the I.C.C.P. ratified and 
added terms to the both macérai groups and individual macérais of the Stopes-Heerlen 
classification; this classification was adopted as a standard terminology for coal petrology 
(I.C.C.P., 1963). This system is now known as the ICCP or International system. 
However, with the passing of time, many researchers have seen fit to add to and to change 
some of the original definitions. For example, it was found that the Stopes-Heerlen 
nomenclature was not adequate for the Gondwana coals and the Australian Standards 
Association was instructed to devise a suitable terminology.
In the present study, the macérai terminology used is that of the Australian Standards 
Association, whose terminology was principally derived from a study by Smith (1981). 
Table 3.5 shows the macérai classification of the Australian Standards Association.
Inertinite is presumed to be derived partly as a result of the charring of plant tissue and 
partly as the result of biochemical processes (Teichmuller, 1982). Inertinite macérais have 
higher relative carbon contents, but lower hydrogen contents, than vitrinite and liptinite.
Liptinite macérais are derived from waxy and resinous materials such as cuticle, plant oils, 
spore and pollen exines, suberins and algae. Liptinite contains the highest hydrogen and 
volatile contents of the three macérai groups. Therefore, vitrinite and liptinite macérai 
groups are considered to be reactive and the main sources of liquid and gaseous products 
during carbonisation or coking.
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Liptinite terminology has changed over the years but not as much as the vitrinite 
terminology. Hutton (1981) and Cook et al. (1981) proposed two subdivisions of alginite 
(telalginite and lamalginite) within the liptinite group.
Table 3.2 summarises the three main macérai groups, their origin, properties and 
subdivisions.
3.3 COAL RANK
Coal rank can be defined as the relative position or the transformation level of a coal in 
the coalification series spanning peat through the stages of brown coal, sub-bituminous and 
bituminous coal to anthracite, meta-anthracite and finally semi-graphite and graphite. This 
rank series indicates the response of coal to the level of burial metamorphism. The 
International Committee for Coal Petrology (ICCP Handbook, 1963) suggested that "degree 
of coalification" is a synonym for rank. In organic petrology, the rank of coal is measured 
by the reflectance of vitrinite which increases as the rank of coal increases; it is best used 
for bituminous coals.
Coal rank is related to the temperature during burial and the length of burial time during 
the coalification process (Karweil, 1956; Bostick, 1973). Coalification and the attainment 
of each successive rank stage is a response to the burial history of the coal. Pressure is 
thought to have only a minor influence on rank and probably has a negative effect on rank 
in some situations (Teichmuller and Teichmuller, 1968(a); Lopatin and Bostick, 1973).
In industry, coal rank is also assessed in terms of properties such as moisture content,
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carbon content, volatile matter, atomic ratio (H/C, O/C) and vitrinite reflectance; the latter 
is the most widely used rank parameter in many Indonesian studies because there is an 
almost linear relationship between vitrinite reflectance and coalification for these coals 
which generally span the upper end of the brown coal rank.
The increases in coal rank are physically characterised by decreasing porosity and 
increasing gelification and vitrification; chemically there is a decrease in volatile matter, 
oxygen and hydrogen content and a complementary increase in the percentage of carbon. 
Elliot and Yohe (1981) stated that coal rank is one of the most significant parameters to 
be used when classifying coals into groups.
In the International coal classification system, the basic parameters for coal classification 
are rank-related properties. This rank classification involves both chemical properties of 
coal such as volatile matter and calorific value, and physical properties. The classification 
designates a series of numbers which give a general summary of the chemical and physical 
characters of coal.
The ASTM rank classification of coal is based on proximate analysis, particularly volatile 
matter, and calorific value as indicators of the rank (Table 3.6). Coals containing more 
than 31% volatile matter (high volatile bituminous, sub-bituminous coal and lignite) are 
classified on the basis of calorific value limits on a natural bed moisture basis (that is, coal 
as mined but free from surface moisture).
The German and USA coal rank classifications are derived from industries-based 
requirements and commonly are based on chemical properties of coal. Figure 3.1 presents
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a comparison of coal rank parameters between German (DIN) and North America (ASTM) 
systems (Teichmuller and Teichmuller, 1982).
Another rank system is based on the ultimate analysis or the elemental composition of 
coal. One of the best known rank classifications is that of Seyler which is cited in many 
texts. According to Elliot and Yohe (1981) and Ward (1984) this method was based on 
the percentage of carbon and hydrogen contents. Seyler’s classification primarily was 
developed for high rank British coals, but it was later extended to other coals as well. 
However, Berkowitz (1979) stated that the accuracy of Seyler’s classification for low rank 
coals is of questionable validity.
A more recent coal classification was proposed by Alpern (1981). The Alpem system is 
based on three main parameters:
* rank - as measured by vitrinite reflectance (the coals are divided into low, medium 
and high coal rank);
* type - as expressed by the proportions of the three main maceral groups [coal type 
is divided into ’Vitric’ (vitrinite > 60%), ’Liptic’ (vitrinite < 60% and Liptinite % 
> Inertinite %) and ’Fusic’ (vitrinite < 60% and Inertinite % > Liptinite %)]; and
* facies or grades - equivalent terms expressing ash content and cleaning aptitude (dry 
basis). The grouping are ’ashy coal’ (10% to 30% ash content) and ’clean coal’ 
(ash content < 10%). Figure 3.2 shows the Alpem coal classification diagram 
(Alpem et al., 1989).
Although the Alpern classification is useful for coal, it also includes oil shale and the 
classification is, at best, highly artifical, or at worst, quite incorrect as it groups rock types
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that are quite unrelated genetically and with respect to use.
3.4 SUMMARY
Variations in coal type depend upon the type and decompositional history of plant 
materials during coalification. Coal type gives information about the coal characteristics 
such as maceral compositions whereas rank is generally the basis for coal classification. 
For instance, brown coal is the term given to coal with the lowest degree of 
metamorphism; brown coal has a low heating value (6000 - 8000 Btu/lb), has a low carbon 
content (approximately 50%) but high moisture and volatile contents. Rank can be 
measured by many criteria such as chemical composition (carbon content, volatile matter, 
calorific value) and reflectance of vitrinite.
The coal classification system of the ASTM standard is based on the volatile matter 
content and calorific value of the coals. Coals are divided into four main classes: lignite, 
subbituminous coal, bituminous coal and anthracite. This coal classification is broadly 
used in the coal industry.
The Alpem coal classification divides coal into three main classes lignite, bituminous coal 
and anthracite. It has three subdivisions - meta, meso and hypo. Coals, on the basis of 
type, are classified into ’fusic’, Tiptic’ and ’vitric’. The percentage of ash present in coal 
is used to label coal as ashy coal and clean coal.
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FIGURE 3.1 COMPARISON OF COAL RANK CLASSIFICATION BETWEEN 
GERMAN (DIN) AND NORTH AMERICA (ASTM) SYSTEM, 
AND STAGES OF COALIFICATION BASED ON CHEMICAL 
AND PHYSICAL PROPERTIES OF THE COAL (after 
TEICHMULLER AND TEICHMULLER, 1982)
Example plotted Chicoa -  MtCucok. Uaam I Moiambiquel
f i r j  I t */# - Moso - Bit ummoui t Mo fo -Medium Ran tel
Vitrmi t« t VI - 03 7« l i p t i m t «  I n t r f m i f «  111 * 13 V* V d n e
ACh.MV.
Washability I Ash <S 107. ) - MV.
Note V  i t  the Symbol 
top  b oth  V i t r m i t »  
end Hum in it e
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FIGURE 3.2 ALPERN's COAL CLASSIFICATION SYSTEM (from ALPERN et al 1989)
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TABLE 3.1 Summary of microlithotype classification showing the 
three main groups of microlithotypes (From I.C.C.P 
Handbook, 1963; Stach et a1 ., 1982)
m i c r o l i t h o t y p e
DOMINANT MACERALS
----------------------------- i
ABUNDANCE TYPE
VITRITE V I T R I N I T E  (V) 95% V M O N O M A C E R A L
LIPTITE L I P T I N I T E  (L) 95% L M O N O M A C E R A L
INERTITE INBRTI N I T E  (I) 95% I M O N O M A C E R A L
CLARITE V I T R I N I T E + L I P T I N I T E 95% V+L B I M A C E R A L
DURITE I N E R T I N I T E + L I P T I N I T E 95% I+L B I M A C E R A L
V I T R I NERTITE V I T R I N I T E + I N E R T I N I T E 95% V+I B I M A C E R A L
DUROCLARITE V I T R I N I T E + L I P T I N I T E + I N E R T I N I T E V ,L ,I each 5% VI ,L T R I M A C E R A L
V I T R I N E R T O L I P T I T E V I T R I N I T E + L I P T I N I T E + I N E R T I N I T E V, L,I each 5% LI , V T R I M A C E R A L
CLARODURITE V I T R I N I T E + L I P T I N I T E + I N E R T I N I T E V ,L ,I each 5% I V ,L T R I M A C E R A L
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TABLE 3.2 Summary of the maceral groups, their origin, properties and 
divisions (From I.C.C.P.,1963; 1971; 1975; Brown e t al.,1964; 
Hutton et al., 1980; Cook et a l ., 1981; Stach et al., 1982; 
Cook, 1982; AS2856, 1986)
MACERAL
GROUP ORIGIN PROPERTIES MACERALS
V Humified woody Reflectance range Telocollinite +
I or cellulosic small and lying Telinite (Vitrinite A)
T tissue between exinite and Desmocollinite +
R inertinite. Corpocollinite +
I Fluorescence weak to Gelocollinite
N absent (Vitrinite B)
I
T
E
Vitrodertinite
L - Spores,pollen, Reflectance below Sporinite
I E cutin, suberin, that of vitrinite. Cutinite
P X resins, waxes, Fluorescence distinct Suberinite
T I oils, algal, to intense Fluorescence Resinite
I N phytoplankton non-existent at Rflmax 
> 1.3%. R^max > Rflmax 
at RQmax > 1.50%.
Fluorinite
N I Alginite (Telalginite,
I T Lamalginite)
T E Exudatinite(Secondary
E - resins)
Bituminite
Liptodetrinite
I Thermally or Reflectance above Fusinite
N biochemically that of vitrinite Semifusinite
E altered tissue No fluorescence Sclerotinite
R Inertodetrinite
T Macrinite
I
N
I
T
E
Micrinite
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TABLE 3.3 Summary of the macerals in hard coals (from I.C.C.P 
Handbook, 1963)
GROUP
MACERAL MACERAL SUBMACERAL+ MACERAL VARIETIES+
VITRINITE Telinite
Collinite
Vitrodetrinite
Telinite 1 
Telinite 2
Telocollinite
Gelocollinite
Desmocollinite
Corpocollinite
Cordaitotelinite 
Fungotelinite 
Xylotelinite 
Lepidophytotelinite 
Sigi1lariotelinite
LIPTINITE Sporinite
Cutinite
Resinite
Alginite
Liptodetrinite
Tenuisporinite 
Crassisporinite 
Microsporinite 
Macrosporinite
INERTINITE Micrinite
Macrinite
Semifusinite
Fusinite Pyrofusinite
Degradofusinite
Sclerotinite 
Inertodetrinite
Plectenchyminite 
Corpose1erotinite 
Pseudocorposclerotinite
+ Incomplete, can be expanded as required
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TABLE 3.4 Summary of the macerals in brown coals (From I.C.C.P 
Handbook, 1971)
GROUP
MACERAL
MACERAL
SUBGROUP MACERAL SUBMACERAL
Humotelinite
Textinite
Ulminite Texto-ulminite
Eu-ulminite
HUMINITE Humodetrinite
AffCfO/fe
Densinite
Humocollinite
Gelinite Porigelinite
Levigelinite
Corpohuminite Phlobaphinite
Pseudophlobaphinite
Sporinite
Cutinite
Resinite
LIPTINITE Suberinite
Alginite
Liptodetrinite
Chlorophyl Unite
Fusinite
Semifusinite
INERTINITE Macrinite
Sclerotinite
Inertodetrinite
+ Incomplete, can be expanded as desired
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TABLE 3.5 Proposed coal tnaceral classification system for coals 
(Smith, 1981)
MACERAL GROUP MACERAL SUB-GROUP MACERAL
EXINITE
Liptodetrinite
Sporinite
Cutinite
Suberinite
Resinite
Fluorinite
Exudatinite
Bituminite
Alginite
TELOVITRINITE
Textinite
Texto-ulminite
Eu-ulminite
Telocollinite
VITRINITE DETROVITRINITE
Attrinite
Densinite
Desmocollinite
GELOVITRINITE +
Corpovitrinite
Porigelinite
Eugelinite
INERTINITE
Sclerotinite
Semifusinite
Fusinite
Macrinite
Micrinite
Inertodetrinite
+ Gelovitrinite is only recognized when lOmicrons 
thick and when not part of telovitrinite
TABLE 3.6 ASTM CLASSIFICATION OF COALS BY RANK (From ASTM ANNUAL BOOK OF STANDARDS, 1981)
Class Group
Fixed Carbon 
Limits, percent 
(Dry. Mincral- 
Mattcr-Free Basis)
Volatile Matter Lim­
its. percent (Dry. 
Mineral-Maltcr-Frce 
Basis)
Calorific Value Lim­
its. Btu per pound 
(Moist.h Mineral-Mat- 
ler-Free Basis) Agglomerating Character
Equal or 
Greater 
Than
Less
Than
Greater
Than
Equal or 
Less Than
Equal or 
Greater 
Than
Less
Than
1. Meta-anthracite 98 2
1 Anthracitic 2. Anthracite 92 98 2 8 > nonagglomerating
3. Semianlhraciler 86 92 8 14
1. Low volatile bituminous coal 78 K6 14 22
2. Medium volatile bituminous coal 69 78 22 31
II lliluntinous 3. High volatile A bituminous coal 69 31 14 000" i commonly agglomerating
4. High volatile 0 bituminous coal 13 000" 14 000
S. High volatile C bituminous coal .. .  I II 500 13 (XX)
1 10 500 II 500 agglomerating
1. Subbituminous A coal 10 500 II 500
III Siibl'ituminous 2. Subbituminous 0 coal • . • 9 500 10 500
3. Subbituminous C coal .. . . . . 8 300 9 500 nonagglomerating
IV 1 ignilic 1. Lignite A2. Lignite 0
. . .
• • • • • •
6 300 8 300 
6 300
* I his classification does not include a few coals, principally nonbanded varieties, which have unusual physical and chemical properties and which come within the limits or fixed 
carbon or calorific value of the high-volatile bituminous and subbituminous ranks. All of these coals either contain less than 48 % dry. minetal-matter-frce fixed carbon or have more 
ilian 15 501 moist, mineral-maticr-free British thermal units per pound.
" Moist rclcrs to coal containing its natural inherent moisture but not including visible water on the surface of the coal. 
c II agglomerating, classify in low-volatile group of the bituminous class.
° Coals having 69't or more fixed carbon on the dry. mineral-matter-free basis shall be classified according to fixed carbon, regardless of calorific value.
Ii is recognircd that there may be nonagglomerating varieties in these groups of the bituminous class, and that t lie re arc notable exceptions in high volatile C bituminous group
ON
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CHAPTER FOUR
ANALYTICAL METHODS
4.1 METHODS AND DATA EVALUATION
The ninety five samples selected for organic petrography were collected from core 
obtained from a subsurface drilling program of shallow coal exploration holes in the 
Southern Peranap coal deposit, Central Sumatra Basin. The samples are full seam samples 
and were collected as quarter core across the entire thickness of most of the coal seams. 
Chemical data were taken from the Southern Peranap coal feasibility study (CSCEP, 1988; 
1990).
The samples were prepared as polished grian mounts or particulate pellets as described in 
Australian Standard 2061. Reflected light microscopy was used to determine the macérai 
compositions of the samples using oil immersion. Vitrinite reflectance, colour, 
morphology and fluorescence characteristics were determined. The percentage of each 
macérai was determined by the point-count techniques. The results of the microscopic 
observations were used to interpret coal type, coal rank and the depositional environments.
Chemical and physical analysis of the samples was conducted by the Directorate of Coal 
Laboratory in Tanjung Enim, South Sumatra, in co-operation with New Energy and 
Industrial Technology Development Organisation (NEDO) of Japan. The analyses consist 
of proximate analysis, ultimate analysis, specific energy, grindability and ash analysis. 
These data were used to assess the quality of Southern Peranap coal, in conjunction with
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the petrographical data.
4.2 SAMPLING AND SAMPLE PREPARATION
Samples were mainly from the Korinci Formation which is of Miocene-Pliocene age. The 
95 samples were taken from twenty three boreholes (Figure 4.1). The number of samples 
collected from each coal seam is shown in Table 4.1.
The polished blocks for each sample selected for microscopic study were made using 
standard coal mounting techniques. Each sample was crushed to a top size of 1mm and 
riffled to obtain a 10 gram maximum size representative subsample; each subsample was 
mounted in epoxy resin (polyester base mixed with methyl ethyl ketone peroxide hardener) 
to form a block. One surface of each block, perpendicular to any gravitational settling, 
was then ground flat and polished successively in four steps on carborundum papers 
ranging from 120 to 1200 grit. In order to get the required level of polish for petrographic 
analysis, additional fine polishing steps were carried out in a water slurry on SELVYT 
cloth-covered mechanical laps using firstly chromium sesquioxide (Cr20 3) and finally, 
magnesium oxide (MgO) polishing powders. All coal samples are listed in the grain 
mount catalogue of the Department of Geology, University of Wollongong.
4.3 MICROSCOPY
Petrographic analysis consisted of reflectance measurements and macérai analyses using 
reflected white light and reflected ultraviolet-violet light or fluorescence mode.
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The reflectance measurements were taken using a Leitz Ortholux microscope fitted with 
a Leitz MPV-I microphotometer system which was equipped with a galvanometer to give 
a reading of one half the reflect ance. The microphotometer was calibrated against 
synthetic garnet standards of 0.917% (YAG) and 1.726% (GGG) reflectance and a 
synthetic spinel standard of 0.413% reflectance. Reflectance was measured using normal 
incident white light of 546 nm wavelength, in immersion oil of refractive index 1.518, and 
at a room temperature of 23° C + 1° C.
Macérai analyses were taken in oil immersion using a Leitz Orthoplan microscope at a 
nominal magnification of x500. The fluorescence mode observations of liptinite macérais 
were carried out in ultraviolet-violet light excitation at a nominal magnification of x500 
using a 3 mm BG 3 filter with a K490 barrier filter and a TK400 dichroic mirror fitted in 
the vertical illuminator. Photomicrographs were taken with a Leitz Vario-Orthomat 
automatic camera system (5 to 12.5 times zoom), fitted to the MPV2 system.
4.3.1 Reflectance Measurements
Brown et a l  (1964) recommended that the most accurate method for the measurement of 
reflectance is achieved by measuring vitrinite A (telocollinite). Vitrinite is preferred for 
reflectance measurement because it has the best linear correlation with rank and 
consistently changes with increasing rank. In addition, it is present as large homogeneous 
phytoclasts in many coals (Smith and Cook, 1980; Bustin et a l , 1983) and shows less 
inherent variability in reflectance (Brown et a l, 1964). However, because the Peranap 
samples fall into the brown coal ranks, reflectance measurements were taken on ulminite 
particles as recommended by McCartney and Teichmuller (1972) who stated that the 
ulminite reflectance is the most suitable indicator of rank for low rank coals.
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Mean maximum vitrinite reflectance was obtained by taking at least 40 acceptable (5% 
relative) pairs of maximum reflectance measurements. The photometer was calibrated 
before and after the measurement of each set of values for each particular sample; the 
reflectance of vitrinite in any grain was measured not more than once. In order to attain 
two maximum readings, the first maximum reading was obtained by rotating the stage of 
the microscope until the maximum was found and then a second maximum reading was 
obtained by rotating the stage through approximately 180°. The average of the sum of the 
pairs of maximum readings was calculated and this gave the mean maximum vitrinite 
reflectance in oil immersion, referred as R0max.
ICCP (1971, 1975) and Stach et al. (1982) recommended that fifty to one hundred 
reflectance measurements be taken in order to obtain an accurate mean value. However, 
determining the standard deviation of the R0max values for the Peranap suite of samples 
to assess the standard error of the mean showed that as few as twenty readings give an 
acceptable error. However, in the present study, normally 40 readings were taken to 
ensure the required accuracy.
4.3.2 Maceral Analysis
Maceral abundances were determined by point counting. The block was repeatedly 
traversed to obtain a minimum of 500 points on coal. The X and Y traverse spacings were 
adjusted to the grain size of samples to give at least a 90% coverage of each block to 
ensure that a representative count was obtained. Each point was examined both in 
reflected white light and fluorescence mode. Liptinite was distinguished from other 
macerals using fluorescence mode, though some vitrinite also had weak fluorescence. The 
volumetric abundance of the various maceral groups, individual macerals and mineral
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matter was converted to a percentage of the total representative points recorded.
4.4 CHEMICAL ANALYSES
The chemical data were obtained from exploration company records (CSCEP, 1988; 1990). 
In most cases, the samples were tested at the Directorate of Coal Laboratory in Tanjung 
Enim, South Sumatra.
4.4.1 Proximate Analysis
Moisture was measured using the " Drying in Nitrogen" (DN) and the " Dean and Stark" 
(DS) methods. In the DN Method, the sample is heated at a temperature of 105° C to 110° 
C in an air-free atmosphere in a special oven. The loss in mass after heating is calculated 
as the percentage of moisture present in coal. In the DS Method, the sample is heated in 
a flask under reflux conditions with boiling toluene. The moisture from coal is entrained 
by the toluene vapour and carried to a condenser fitted with a graduated receiver which 
separates water from the excess toluene. The moisture content of coal is calculated from 
the mass of the sample and the volume of water collected.
Ash content of the coal samples was determined by burning the coal at a temperature 
815°C for 30 minutes in an electrically-heated furnace with a slow current of air passing 
through the furnace chamber. Ultimately, the percentage of ash is calculated from the 
mass of residue resulting from combustion.
The volatile matter in a coal is very important because these data are commonly used as 
a parameter to determine rank. Volatile matter is also used to evaluate coal utilisation
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such as used for combustion and carbonisation.
The Directorate of Coal Laboratory in Tanjung Enim measures volatile matter in coal from 
drill core sample using the direct determination method. The coal sample is heated in an 
air free environment at a temperature 900° C for 7 minutes. The volatile matter is taken 
as the weight loss of the sample.
Fixed carbon is taken as the sample weight less the summed percentages of moisture, 
volatile matter and ash. The fixed carbon content is also another important parameter used 
in coal utilisation studies.
4.4.2 Ultimate Analysis
Ultimate analysis determines the elemental compositions of coal. The five principal 
elements are carbon (C), hydrogen (H), nitrogen (N), sulphur (S) and oxygen (O).
The carbon and hydrogen contents for this suite of samples were determined by the " High 
Temperature Combustion Method " in a closed system with the products of combustion 
determined by absorption. The coal was burned at a temperature of 1350° C in a rapid 
current of oxygen. Carbon and hydrogen are converted to carbon dioxide (C 02) and water 
respectively. The carbon dioxide is then absorbed by soda-asbestos and the water is 
absorbed by magnesium perchlorate. The carbon and hydrogen contents are calculated 
from the increase in weight of the absorbents used to collect the carbon dioxide and water.
The nitrogen content was determined using the Macro-Kjeldal Method which is suitable 
for brown coal. The coal sample is boiled with concentrated sulphuric acid containing
71
potassium sulphate. Ammonia is distilled from the flask to a known volume of 0.1 N 
sulphuric acid solution. The excess acid is then titrated with 0.1 N caustic alkali solution 
to give the volume of acid neutralised by the ammonia.
Determination of the total sulphur was determined using the high temperature combustion 
method. The samples are burned at a temperature of 1350° C in a rapid current of oxygen 
to produce oxides of sulphur. The complete conversion of all sulphur to oxides of sulphur 
must be obtained. Sulphur together with chlorine are then absorbed in hydrogen to form 
sulphuric acid and hydrochloric acid solution. The total acidity is determine by titration. 
The oxygen content of coal is then computed by difference.
4.5 CALORIFIC VALUE AND HARDGROVE GRIND ABILITY INDEX
The calorific value of coal is a function of the elemental composition and is usually 
reported as the gross calorific value or specific energy. This property is a direct indication 
of the general thermal value of coal (Speight, 1983).
Gross calorific values were determined by ignition of the coal in a bomb calorimeter. For 
this study, samples were burned in an oxygen bomb calorimeter under standardised 
conditions. The gross calorific value was then computed from the increase in the 
temperature of water in the calorimeter vessel and the mean effective heat capacity of the 
system. Allowances were made for the heat released by ignition fusion and for 
thermochemical corrections, and where necessary, for heat losses from the calorimeter to 
the water jacket. Coinciding with the measurement of specific energy, the determination 
of the moisture content must be undertaken at the same time. This determination is very
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important in order to make appropriate corrections for calculating the specific energy 
value.
In the Tanjung Enim laboratory, determination of the specific energy of coal uses an 
Automatic Micro-Processor Calorimeter (AMPC) which can rapidly analyse a large number 
of samples with approximately 15 minutes needed for each sample (Muchjidin,1985).
Grindability of coal is a complex physical property encompassing other properties such as 
hardness, strength, tenacity and fracture. The ease with which coal can be ground to fine 
powder for use as pulverised fuel is measured by the Hardgrove Grindability Index (HGI). 
Coals which have a high HGI are relatively soft and easy to grind.
Hardgrove Grindability Index is determined by grinding sample in a standardised ring-ball 
mill or Hardgrove mill. The resulting powdered coal is screened and the HGI is computed 
from the mass of fine material produced, using a predetermined calibration chart.
4.6 SUMMARY
In the coal industry, chemical and petrographic analyses are the most widely used 
analytical method for assessing the various properties of the coal.
Proximate analysis measures the relative amount of volatile and non-volatile components 
(fixed carbon) of the coal as well as the percentage of moisture and ash.
Ultimate analysis provides data on the five principal chemical elements of the organic
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constituents in coal - carbon, hydrogen, oxygen, nitrogen and sulphur. The abundance of 
these elements significantly influences coal utilisation. For instance, the percentage of 
carbon, hydrogen and oxygen will influence the reactivity and other properties of coal in 
gasification, liquefaction, coking and combustion processes, whereas sulphur and nitrogen 
are considered to be sources of pollutant.
Chemical data, including proximate and ultimate analyses, are reported in several ways as 
follows:
* on an as sample basis (a.s.);
* air dried basis (a.d.b.);
* dry basis (d.b.):
* dry ash free basis (d.a.f.b.); and
* dry mineral matter free basis (d.m.m.f.b.).
Petrography can be used to predict the behaviour of coal in many technological processes 
such as coal combustion, gasification, pyrolysis, carbonisation and direct conversion to
liquid.
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FIGURE 4.1 LOCATION OF BOREHOLES IN THE SOUTHERN PERANAP COAL DEPOSIT 
FROM WHICH SAMPLES WERE TAKEN
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Table 4.1 Number of samples studied from each seam in the 
Southern Peranap deposit, Central Sumatra Basin
No seam Number of samples
1 P2 4
2 PI 9
3 LP 15
4 UQ 16
5 Q2/Q2B 17
6 Q1 14
7 LQ 16
8 R 4
I = 95
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CHAPTER FIVE
PETROGRAPHIC ANALYSIS
5.1 INTRODUCTION
The identification and classification of macérais is based on the morphology, colour, 
reflectivity and the nature of their formation (to some extent). Southern Peranap coals show 
only minor variations in macérai composition between samples with the greatest variation in 
the macérais of the vitrinite group; the coals are, in general, characterised by abundant 
vitrinite macérais, low amounts of macérais of the liptinite and inertinite groups. Vitrinite 
reflectance is low.
The following generalisations can be made.
- Vitrinite mostly comprises telovitrinite, consisting of abundant ulminite macérais, and 
detrovitrinite which consists mostly of densinite and attrinite. Corpogelinite (gelocollinite) 
and porigelinite are the dominant gelovitrinite macérais in the Southern Peranap coals.
- Liptinite consists of liptodetrinite, resinite, cutinite, suberinite, sporinite, fluorinite and rare 
exsudatinite.
- Inertinite mostly consists of semifusinite and sclerotinite, with minor inertodetrinite and 
fusinite. The macérai analyses for coals from the various seams (P2, PI, LP, UQ, Q2/Q2b, 
Q l, LQ and R) shows only small differences between the seams. The results of all
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petrographic analysis are given in Appendix 1.
- Mineral matter contents of Southern Peranap coals vary from low to moderately high. 
Mineral includes mostly clay minerals with minor pyrite and rare carbonate minerals. Clay 
minerals generally infill cell lumen and also occurs as pods in vitrinite macerals.
- The reflectance of the Southern Peranap coals was measured on ulminite macerals and in 
general reflectance values low and in the range from 0.26% to 0.34% (Appendix 2).
The following parts of this chapter will describe, in detail, the petrology of the Southern 
Peranap coals including seam characteristic, coalification and rank trends and relates the 
maceral composition to the depositional environment of the peat swamp. Data for the coals 
from the Peranap Coalfield are compared to data for other Indonesian coals.
5.2 DETAILED MACERAL ANALYSIS
The coals from the Southern Peranap area are dominated by vitrinite macerals with only minor 
liptinite and sparse inertinite. The dominant microlithotypes are vitrite and clarite. Vitrite 
is much more abundant than clarite.
Ninety five (95) samples have been examined for Southern Peranap Coals, however the 
samples taken from Drill Holes SK08 (GM24935), SK02 (GM24919), SK14 (GM24943), 
SK06 (GM24930), SKI2 (GM24958), SKI3 (GM24955) and SK03 (GM24923) have been 
excluded from the calculations of coal maceral and compositions of Southern Peranap 
Coalfield due to their high mineral matter and/or ash contents (Appendix 1 and Appendix 3).
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Southern Peranap coals have vitrinite contents which ranged from 85% to 96% by volume 
with an average 91%. However, the average vitrinite contents for all seams are clustered 
around 91% + 1% (Table 5.1). Liptinite contents for individual samples ranged from 2.4% 
to 13% by volume, with an average of 7%, and the inertinite ranged from 0.2% to 4.5%, with 
an average of 2%. The average liptinite and inertinite content for the seams range from 6.5 
to 7.4% and 1.4 to 2.4% respectively (Table 5.1). Figure 5.1 shows the average maceral 
composition for the Southern Peranap coals. All percentages quoted above and in the 
following text are volume percentages and are given on an a dry mineral matter free basis. 
Unless otherwise stated, all data are for full seam samples.
5.2.1 Vitrinite
Telovitrinite is the most abundant maceral with percentages for individual samples ranging 
from 32% to 60%, with an average of 43% (Apendix 1). It occurs mostly as texto-ulminite 
(13% to 56%, average of 38.7%), with minor amounts of eu-ulminite (0.2% to 15.3%, average 
of 3.6%) and textinite (0 to 7.2%, average of 1.1%); telocollinite is rare.
Textinite commonly has open cell lumen and, in some cases, is infilled with resinite or clay 
minerals. Some textinite fluoresces brownish-yellow. Two type of textinite, textinite A which 
has a low reflectance (darker in colour) and textinite B, with a higher reflectance (paler 
colour), are present and exhibit well-preserved cell walls and lumen (Plate la  and lb).
Ulminite, the dominant vitrinite maceral, usually has a fairly uniform structure and reflectance, 
is medium to light grey in colour and commonly has desiccation cracks. Ulminite comprises 
mostly texto-ulminite which is partly gelified plant tissue with cell lumen partly closed (Plate
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lc) and eu-ulminite which is more gelified tissue which lacks open cell lumen but has weak 
cellular structure still preserved (Plate Id).
Gelovitrinite comprises 3% to 16% of any sample with an average of 8%. Gelovitrinite is 
scattered throughout the coals and mostly is corpogelinite (0.2% to 12.8%, average of 4.6%) 
and porigelinite (0.6% to 6.2%, average of 2.3%). The latter commonly occurs as thin layers. 
Phlobaphinite (0 to 3.0%, average of 0.7%) and eu-gelinite are rare (0 to 0.6%, average of 
0 . 1%).
Detrovitrinite constitutes 25% to 49% (average of 40%) of individual samples and mostly 
comprises densinite (22% to 48%, average of 35.3%) and attrinite (1% to 6%, average of 
4.4%). Detrovitrinite is generally a matrix for other macerals.
Figure 5.2 shows the vitrinite maceral compositions.
5.2.2 Liptinite
Liptinite content is in the range 2.4% to 12.8% (average of 6.9%) and comprises 
predominantly liptodetrinite, resinite, cutinite and suberinite with minor sporinite, fluorinite 
and exsudatinite. All data referred to in this section is taken from Appendix 1.
Liptodetrinite is rare to abundant (0.3% to 10.5%, average of 2.9%) in most samples and it 
has greenish-yellow to orange fluorescence. This maceral is commonly associated with 
densinite and attrinite. In some cases, liptodetrinite is associated with small inclusions of
resinite.
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Resinite is rare to abundant with percentages ranging from 0.2% to 5.3% (average of 2.1%); 
it has bright greenish-yellow, orange to dull greenish-grey fluorescence and occurs as discrete 
bodies, concentrated in distinct layers and lenses, with some isolated bodies occurring as 
infillings in cracks or cell lumen of sclerotinite and texto-ulminite.
Cutinite content ranges from 0.2% to 1.6% (average of 0.7%) and commonly occurs in 
association with vitrinite and resinite. In some cases it is associated with exsudatinite and 
fluorinite. Varieties of cutinite include thick-walled cutinite (crassicutinite, Plate le) and thin- 
walled cutinite (tenuicutinite); generally both have greenish-yellow to orange fluorescence, 
although in some of the samples fluorescence is very weak brown or lacking.
Suberinite is rare to common ranging from 0 to 1.5% of any sample, with an average of 0.5%. 
It occurs commonly in well-preserved, thin layers with phlobaphinite and corpogelinite within 
the brick-like walls of the suberinite. However, in some samples suberinite is thin-walled and 
has broken cell structure (Plate If) which indicates disturbance during the diagenesis of peat. 
Suberinite generally has greenish-yellow to orange fluorescence, although some samples have 
very weak fluorescence. Suberinite commonly occurs in association with phlobaphinite, 
corpogelinite, resinite and, in some cases, exsudatinite.
Sporinite is rare (0 to 1.2%, average of 0.4%) and is disseminated throughout the coal, 
although minor concentrations are present. It is commonly in association with detrovitrinite 
and resinite. Sporinite is dark grey to blackish-grey in reflected light but under fluorescence 
light excitation, it is greenish-yellow or orange to yellowish-brown.
Fluorinite and exsudatinite are rare constituents, constituting from 0 to 0.7% (average 0.1%)
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and 0 to 0.9% (average 0.2%) respectively. Fluorinite typically occurs as isolated bodies and 
lenses, infilling cell lumen, or, in some cases, concentrated in distinct layers associated with 
resinite, cutinite and ulminite (Plate lg). It has greenish-brown to bluish-brown 
autofluorescence in reflected light mode. With UV-blue excitation, fluorescence is very 
strong, bright green to greenish-yellow fluorescence.
Robert (1981) noted that the majority of fluorinite disappears, presumably converted into 
hydrocarbons, when coal is affected by thermal alteration. The presence of fluorinite in these 
samples suggests that the coals have not reached the oil generation window, a fact supported 
by the vitrinite reflectance.
Exsudatinite is disseminated throughout the coals, infilling cell lumen, fractures and bedding 
plane cavities. It commonly occurs in association with resinite, ulminite and suberinite and 
generally has bright greenish-yellow to green to orange fluorescence.
5.2.3 Inertinite
Inertinite is only present in minor quantities (Appendix 1), ranging from 0.2% to 4.5% 
(average 1.9%). It consists predominantly of semifusinite, sclerotinite, inertodetrinite and 
fusinite. Semifusinite (0 to 2.8%, average of 0.5%) and sclerotinite (0 to 1.2%, average of 
0.5%) are dominant over the other inertinite macerals. Semifusinite commonly occurs as 
layers, or isolated fragments, and is associated with vitrinite. Sclerotinite consists of 
unilocular and bilocular teleutospores, sclerotia and plectenchyme tissue. It is generally
scattered throughout the samples although in some cases, it is in local concentrations (Plate 
lh).
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Inertodetrinite (0 to 1.5%, average of 0.5%) is commonly associated with vitrinite and 
semifusinite. Fusinite (0 to 2.1%, average of 0.4%) is disseminated throughout the coals.
5.2.4 Mineral Matter
Mineral matter in Southern Peranap coals varies from 1.0% to 21.0%, with an average of 
7.1% (Appendix 1). Average seam values range from 3.1% (Q1 seam) to 12.2% (P2 seam). 
The mineral matter consist mostly of clay-sized mineral, probably clay minerals, with minor 
amounts of pyrite and rare carbonate. Clay minerals generally occur infilling cell lumen or 
as pods in macerals where the cell walls are well-preserved such as textinite and texto- 
ulminite, and pyrite occurs as framboidal pyrite (Plate 2a).
Carbonate, probably calcite based on the colour in reflected light and the appearance in hand 
specimen, is disseminated throughout the samples and commonly in association with the 
detrovitrinite matrix.
The mineral content in P2, R and Q2/Q2B seams is much higher than in other seams. In P2 
and R seams, mineral matter averages 12.2% and 10.8%, respectively. Mineral matter in 
Q2/Q2B varies range from 1.4% to 21%, averaging 8.3%. Pyrite is more abundant in R seam 
than in other seams.
In PI seam mineral content ranges from 3.0% to 11.0% (average of 6.4%) and in LP seam 
its ranges from 1.3% to 13.3% (average of 6.0%). The percentage of mineral matter in other 
seams is slightly lower; in UQ seam the percentage of mineral matter ranges from 1.8% to 
13.0% (average of 5.3%), in Q1 seam its comprises from 1.0% to 5.0% (average of 3.1%),
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and in LQ seam it ranges from 1.0% to 10% (average of 5.0%).
Point count data gave consistently lower mineral content than the ash values determined in 
the proximate analysis tests. The reason for this is not clear and warrants further examination. 
One solution may be contingent upon the sample representativeness. The proximate analyses 
were carried out before this study commenced and the samples for this study were supplied 
by the exploration company. The author had no control on the quantity, type or 
representativeness of the samples which were supplied as full seam samples. It is not known 
whether the samples supplied to the author were splits from the proximate analysis samples 
or splits separated earlier. Also the samples supplied may have come from the coarse crush 
fraction.
5.2.5 Coal Type and Seam Characteristics
Interseam maceral composition variation is not very great for any of the maceral groups. For 
total vitrinite, the seam with the highest content is P2 and Q2/Q2B seams (Table 5.1); the 
seam with the lowest vitrinite content is LP seam. Texto-ulminite and densinite are co­
dominant in both LP and P2 seams. Texto-ulminite is the most abundant maceral in both 
seams with values of 40.1% for P2 seam and 39.7% for LP seam. LP seam has a lower 
densinite content than P2 (34.2% compared to 33.8%).
There appears to be no significant trend with depth for vitrinite content with all seams 
containing between 91.0% and 92.1% vitrinite.
With respect to liptinite and inertinite, there are no significant interseam differences between
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the contents for these groups.
Figure 5.3 and Figure 5.4 shows the maceral composition for each seam.
A brief summary of the petrographic characteristics for each seam is given below and the data
is displayted as Figures 5.3 and 5.4.
P2 Seam. Telovitrinite content is slightly higher than detrovitrinite; texto-ulminite is 
commonly associated with cutinite and fluorinite (Plate 2b). Liptodetrinite and 
sporinite are slightly more abundant than other liptinite; sporinite is derived 
mostly from pollen rather than spores and is associated with densinite and 
attrinite.
Sclerotinite and inertodetrinite are the dominant inertinite macerals.
PI Seam. Telovitrinite content is slightly higher than detrovitrinite; gelovitrinite is 
mostly corpogelinite and porigelinite.
Cutinite and fluorinite is relatively more abundant than in other seams. 
Sclerotinite and semifusinite are the dominant inertinite macerals; sclerotinite 
is disseminated throughout the coals with some local concentrations.
LP Seam. Vitrinite content is slightly lower than in other seams; texto-ulminite is 
commonly associated with cutinite, suberinite, resinite and fluorinite (Plate 2c 
and 2d). Ulminite content is slightly higher than in other seams.
Liptinite is slightly more abundant than in other seams; cutinite is commonly 
associated with resinite and fluorinite (Plate 3g and 3h); sporinite mostly 
derived from miospores and pollen with some sporangia (Plate 4a and 4b).
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Fusinite content is slightly higher than other inertinite macerals in this seam.
UQ Seam. Gelovitrinite content is slightly higher than in other seams; eu-ulminite is 
associated with texto-ulminite, resinite, exsudatinite (Plate 2e and 2f); 
detrovitrinite is mostly densinite associated with resinite, suberinite, 
porigelinite and sclerotinite (Plate 2g and 2h); attrinite is commonly associated 
with cutinite, sporinite, sclerotinite and liptodetrinite (Plate 3a and 3b). 
Cutinite is mostly crassicutinite and commonly occurs in association with 
fluorinite and resinite (Plate 4c and 4d).
Inertinite content is slightly higher than in other seams; semifusinite is the 
dominant inertinite maceral.
Q2/Q2B Seam. Within-seam vitrinite content shows a greater variation in the range
of values than for other seams; vitrinite contents range from 85% to 
96%; texto-ulminite is commonly associated with corpogelinite, 
porigelinite, suberinite, resinite and fluorinite (Plate 3c and 3d). 
Liptinite content is slightly lower than in other seams; resinite commonly 
infills cell lumen of texto-ulminite; suberinite commonly occurs with resinite, 
exsudatinite, porigelinite and texto-ulminite (Plate 4g and 4h).
Fusinite is slightly dominant over other inertinite macerals; sclerotinite and 
inertodetrinite contents are slightly lower than in other seams; parenchyme 
tissue is relatively abundant compared to teleutospores and commonly 
comprises a densely-packed outer rim of cells with a less dense inner rim. 
(Plate 5e and 5f).
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Q1 Seam.
LQ Seam.
R Seam.
Texto-ulminite is the dominant vitrinite maceral and is associated with 
exsudatinite (Plate 3e and 3f); densinite and attrinite occur in microlithotypes 
alternating with ulminite-dominated microlithotypes.
Sporinite is derived from crassispores, which are more abundant in this seam 
than in other seams, and pollen (Plate 5a and 5b).
Sclerotinite and semifusinite are the most common inertinite macerals with 
sclerotinite derived mostly from unilocular teleutospores.
Vitrinite contents show the second largest range of values, 88% to 94% of the 
organic matter; densinite content is relatively higher than in other seams. 
Liptodetrinite and resinite (commonly infilling cell lumen) are the dominant 
liptinite macerals; resinite is commonly associated with sporinite, fluorinite, 
liptodetrinite and cutinite (Plate 5c and 5d).
Semifusinite is slightly more abundant than other inertinite macerals and is 
commonly associated with telovitrinite; sclerotinite is commonly derived from 
plectenchyme tissue (Plate 5g).
Ulminite content is slightly higher than in other seams and is commonly 
associated with pyrite (Plate 2a); eu-ulminite content is slightly higher than in 
other seams.
Resinite is more abundant than in other seams; sporinite is derived mostly 
from pollen; some sporangia.
Inertodetrinite and sclerotinite contents are slightly higher than other inertinite
macerals.
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The interseam maceral data suggest that all seams contain similar types and abundances of 
organic matter. More detailed studies of the types and abundances of each type of mineral 
matter are required. Based on the optical examination, the dominant mineral matter appears 
to be clay minerals. If it turns out that the mineral species are similar in all coals, then it is 
likely that all seams formed in similar environments of deposition. The data are also 
important from a utilisation point of view in that the small variations in maceral content 
indicate that the chemical composition, and therefore the behaviour of the coals during such 
processes as combustion, liquefaction and gasification, will be similar for all seams, once 
again providing the mineral matter is similar in all seams. Thus processes designed for the 
coal from one seam will require only marginal changes in equipment design and feed rates 
to produce the same operation efficiencies and outputs for coal from other seams.
5.3 VITRINITE REFLECTANCE AND COAL RANK
The rank of coals is generally assessed using the reflectance of telocollinite. However, the 
Southern Peranap coals are of such low rank that telocollinite is generally not present. 
Consequently, the mean maximum reflectance (R0max) from ulminite is used to assess the 
rank of the coals. Ulminite reflectance data obtained in this study are given in Appendix 2.
Overall, the reflectance values for the Southern Peranap coal range from 0.22% to 0.41% with 
most values falling within the 0.26% to 0.32% range.
The mean maximum reflectance (R0max) values for samples from the P2 seam are in the 
range 0.23% to 0.41% (average of 0.28%) with most values between 0.27% to 0.31% (Fig. 
5.5a). The range and variation in the R0max values for PI and LP seams are almost the same
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as P2 seam with the average R0max values for both PI and LP seams the same, 0.28%. 
Figure 5.5b and 5.5c show the reflectance histograms for PI and LP seams.
For UQ seam, the R0max values range from 0.23% to 0.40%, averaging 0.29%; most values 
are in the range 0.26% to 0.30% (Fig. 5.5d). For Q2(Q2B) and Q1 seams, R0max values 
range from 0.23% to 0.40%, with an average 0.29%. Figure 5.6a and 5.6b show the 
reflectance histograms for Q2(Q2B) and Q1 seams respectively.
The R0max values for LQ seam range from 0.23% to 0.40% with an average 0.30% with most 
values in the range of 0.27% to 0.32% (Fig. 5.6c). Figure 5.6d shows reflectance histogram 
for R seam for which R0max values range from 0.23% to 0.37% with an average 0.29%; most 
values are in the range 0.27% to 0.30%.
The vitrinite reflectance of the Peranap coals is significantly lower that those for coals of 
similar age in the South Sumatra Basin (Pujobroto, 1995; pers comm.) and and other areas 
on the Central Sumatra Basin (Daulay, 1985). The low vitrinite reflectance and therefore low 
rank of the Southern Peranap coals, especially in R seam, is thought to be the influence of 
maceral association and mineral matter. In the R seam coal, cell lumen in vitrinite macerals 
are commonly infilled with liptinite and, in other cases, with mineral matter such as clay 
minerals. The lowering of reflectance in vitrinite which has been impregnated with fine­
grained is now well documented in the literature. However, for the set of samples from 
Southern Peranap, there was no indication that the vitrinite is impregnated with resinite even 
though the reflectance was observed to be lower for some phyterals.
It was observed that where pods and lenses of mineral matter were present, the reflectance
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was lower immediately adjacent to the mineral matter. The reason why the mineral matter 
would lower the reflectance, unless it was due to a polishing artifact, is not known and this 
is not thought to be the reason as measurements were not taken within the zones of relief 
between macerals. It is possible that the vitrinite adjacent to the mineral pods may have fine­
grained mineral inclusion which were not readily visible with the objective used. If mineral 
matter, such as clay minerals, was present, the measured reflectance would give an apparent 
vitrinite reflectance rather than a true reflectance.
Previous workers have shown that several factors influence vitrinite reflectance; these include 
the presence of telalginite, impregnation or intimate association with liptinite, high sulphur, 
presence of perhydrous liptinite and possibly tectonic setting. For example, Hutton and Cook 
(1980) showed that vitrinite reflectance in coal, with abundant telalginite, and torbanite tends 
to have much lower values compared to vitrinite in coal which does not contain abundant 
alginite, even where the two types of coals and/or torbanite occur in the same seam. Clearly 
a telalginite association for the Southern Peranap coals is not the reason for the low 
reflectance as telalginite was not observed in any of the samples.
Cox et al. (1980) showed that some coals from the Western Coalfield of New South Wales, 
with relatively low reflectance values, had anomalous coking properties. This was attributed 
to the impregnation of the vitrinite with fine-grained liptinite. Since that time several 
researchers recognised "resinous vitrinite" and this maceral ’type’ has even been discussed by 
the ICCP. Many Indonesian coals contain relatively abundant liptinite, especially secondary 
liptinite such as fluorinite and exsudatinite. Southern Peranap coals contain an average of 
almost 7% liptinite with some samples containing up to 12%. The abundant liptinite 
(especially liptodetrinite) maceral which contains high volatile matter, in association with
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vitrinite in Southern Peranap coals may contribute to the relatively low vitrinite reflectance. 
Alternatively, the perhydrous (hydrogen-rich or lipid-rich plant tissue) vitrinite content of 
these coals (hydrogen content is >5%) could also contribute to the depressed vitrinite 
reflectance (Stach et al., 1982). However, the influence of perhydrous macerals and/or the 
liptinite probably influences reflectance to some extent, the most likely reasons are the age 
and depth of burial of the coals, that is, the regional geothermal conditions.
Profiles of vitrinite reflectance plotted against depth for each sample from selected boreholes 
in Southern Peranap area are presented in Figures 5.7 to 5.11. These figures show that the 
vitrinite reflectance increases slightly as the depth increases indicating that coal rank increases 
slightly with increasing depth. The rank gradient in Southern Peranap coal varies from a 
minimum of 0.02% (Borehole SK.04) to maximum of 0.17% (Borehole SK.15) per 100 
metres. This trend is also shown by the calorific values
The average reflectance data for all samples from each seam was plotted on a diagram 
showing the ASTM and DIN rank classifications, and Alpem’s method (Fig. 5.12). The 
figure shows that the Southern Peranap Mio-Pliocene coals of the Central Sumatra Basin have 
very low coalification levels and the ranks lie on the transition zone between hypo- and meso- 
lignite (brown coal). This figure also shows that rank slightly increases from P2 seam 
downwards, although most of the vitrinite reflectance of R seam slightly lower than the other 
seams. Factors other than depth may also influence the reflectance.
Thus considering all aspects of the petrographic composition and the reflectance profiles, the 
low ranks of the coals of the Southern Peranap area are attributable to the geothermal 
gradients which are related to the age, depth of burial and regional geology of the area.
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5.4 COAL FACIES AND DEPOSITIONAL ENVIRONMENTS
The maceral composition of coal has been used to predict the depositional environments 
during the accumulation of the ancient precursor peat (Teichmuller, 1962; Diessel, 1982; 
Mukhopadhyay, 1986;
Calder et a l , 1991). The type and proportion of macerals in the coals was thought to reflect 
not only the sources which contributed to the accumulation of peat but also aspects of the 
environment, such as the height of the water table, pH (acidity), and decomposition by aerobic 
and anaerobic bacteria during accumulation. Teichmuller (1962) noted that coals with 
abundant well-preserved humotelinite (telovitrinite) were related to a forest-type swamp (or 
peat mire) depositional environment whereas coals with abundant humodetrinite (detrovitrinite) 
and spores were thought to accumulate in a reed marsh depositional environment. Sub-aquatic 
environments were thought to be indicated by an association of detrovitrinite, spores and clay 
minerals. Other macerals such as semifusinite, fusinite and alginite were thought to be 
indicators of the relative position of water tables during peat accumulation.
Plotting the petrographic data for the Southern Peranap coals on the Diessel TPI/GI diagram 
(Diessel, 1986) and the GWI/VI facies model (Calder et a l , 1991) shows that the coals fall 
within the ’marsh-limno telmatic’ and Timnic’ environments respectively (Figs 5.13a and 
5.13b). Marsh and limnic environments typically have a treeless vegetation, with an inferred 
lack of wood-derived macerals, suggesting the precursor plants were soft-tissued herbaceous 
or reed-like plants. In addition, coals formed in these environments are commonly thin (<lm), 
with high ash and pyritic sulphur, abundant sporinite and alginite. Macerals show evidence 
of corrosion by the alkaline waters which commonly occur in the swamp (Teichmuller, 1962; 
Diessel, 1986; Crosdale, 1993).
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The coals of Southern Peranap are not characterised by the above features. In genreal, 
Southern Peranap coals have low to moderate ash and pyritic sulphur, contain minor sporinite, 
lack alginite and show no evidence of corrosion of the macerals. In addition, the ratio of 
telovitrinite to detrovitrinite is relatively high (VA/VB = 1.2) and this indicates many of the 
macerals were derived from wood. As Southern Peranap coals do not have the classic 
properties of marsh and limnic coals and, more importantly, were not deposited in these 
environments, the application of the Diessel and Calder models for interpreting the 
depositional environments of the Southern Peranap coals seems to be inappropriate.
To assess coal facies and depositional environments for the Southern Peranap coals, the facies- 
critical maceral model of Mukhopadhyay (1986) was selected as it appears to be more suitable 
for low rank coals. In the Mukhopadhyay facies model, the ratios of telovitrinite (well- 
preserved tissue) to detrovitrinite are used to delineate relative differences in depositional 
environments of the coal studied (Fig. 5.14). It is interpreted that the water table in the 
ancient peat swamp environment in which the Southern Peranap coals were deposited was 
high enough to prevent accumulation of large amounts of oxidised components such as 
fusinite and semifusinite. The total inertinite content of any Southern Peranap coal does not 
exceed 6% and is mostly less than 3%. Much higher values would be expected if the water 
table had been lower. The small variations in the abundance and distribution of telovitrinite 
and detrovitrinite indicates that most of Southern Peranap coals were deposited in a wet 
forest-type swamp.
The good tissue preservation could be, in part, attributed to local flooding that delivered 
significant sediment to the peat swamp and this resulted in rapid burial and better tissue 
preservation, as reported by Hagemann and Wolf (1987) and, at the same time, high ash.
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5.5 DISCUSSION
5.5.1 Exsudatinite
The term exsudatinite is generally used to describe natural secondary hydrocarbons or related 
substances in coal. Thus exsudatinite is a secondary material generated from fossil organic 
matter during diagenesis and catagenesis (Hunt, 1979). Exsudatinite normally occurs as vein­
like material in fractures and fills cell lumen and other cavities in the coal.
Consensus is that exsudatinite normally originates from lipid-rich liptinite such as resinite 
(derived from fats, waxes and oils), cutinite (cuticles and related materials) and suberinite 
(lipid-rich material in cork tissue). It is exuded from these liptinite macerals during 
coalification but probably also is derived from perhydrous vitrinite (Teichmuller, 1989).
Although the average percentage of exsudatinite in the Southern Peranap samples is less than 
0.2%, most samples contain exsudatinite in trace quantities, with some samples containing up 
to 0.6%. Most of the exsudatinite is associated with resinite, suberinite, cutinite and texto- 
ulminite (Plate 6a to 6g),
suggesting that these are the precursors macerals for exsudatinite in the Southern Peranap 
coals.
The fluorescence colour of exsudatinite varies from yellowish-green to greenish-yellow with 
some evidence to suggest that the fluorescence colour is dependent on the precursor macerals. 
Generally, fluorescence colour of exsudatinite is paler than the corresponding fluorescence 
colour of the parent macerals. Zhao et al. (1990) studied the occurrence of exsudatinite in
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samples from the Baise Basin, South China, using spectral fluorescence techniques. They 
reported that fluorescence intensity and colour of exsudatinite was also dependent on the 
parent macerals and suggested that the fluorescence colour of exsudatinite normally shifts to 
longer wavelengths, from greenish-yellow to yellowish-orange (stronger to a weaker intensity 
as well), after irradiation with blue-UV radiation for thirty minutes. They also observed a 
suite of samples with decreasing hydrogen contents in the exsudatinite and interpreted this to 
show that the lighter hydrocarbon components migrated from the parent macerals and from 
the first formed exsudatinite. Therefore, the fluorescence intensity was weaker and colour 
generally of longer wavelength than the corresponding emissions from the parent maceral. 
Exsudatinite was thought to contain mobile hydrocarbon components that migrated from the 
parent, this is, during primary migration.
Teichmuller (1974, 1982) suggested that exsudatinite is generated during coalification at the 
beginning of bituminous coal stage. She proposed that the formation of exsudatinite is closely 
related to the generation of petroleum which also coincides with the onset of the ’first 
coalification jump’ for liptinite in coals. Shibaoka (1978) and Mukhopadhyay and Gormly 
(1984) suggested that exsudatinite could be generated at a much wider range of ranks, even 
at a very early stage of maturation.
Exsudatinite occurs in the Southern Peranap coals which are of brown coal rank where the 
vitrinite reflectance values (Rvmax) are generally less than or equal to 0.30%. These data 
support the point of view given by Shibaoka (1978) and Mukhopadhyay and Gormly (1984) 
that exsudatinite is generated at the very early stage of coalification, even below 0.3% R0max.
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5.5.2 Macérai Distribution and Coalification
The Southern Peranap coals are characterised by vitrinite-rich compositions (vitrinite 
exceeding 90% in most samples), with significant liptinite (7%) and minor inertinite (2.0%). 
Table 5.1 summarises the petrographic composition of the Southern Peranap coals. The 
dominance of vitrinite is possibly related to the climate at the time of peat formation. It is 
suggested that the coals formed from a forest vegetation in a tropical climate with humid 
conditions and no significant dry period. The high rainfall, which commonly occurs in 
tropical climates, promoted forest plant species and aided in preservation of the plant debris 
below the probably high water table. These conditions effectively reduced exposure of the 
plant detritus to an oxygen-rich environment. Rapid subsidence probably followed, hence the 
peat formed dominantly vitrinite rather than inertinite. A number of authors including 
Shibaoka and Smyth (1975) and Cook (1975) noted that many coal seams are deposited in 
conjuction with rapid subsidence rates have high vitrinite contents. Sumatra was in a 
tectonically active area during the Tertiary and it is most likely that the rates of subsidence 
were high, hence the relevance of the hypotheses of Shibaoka and Smyth and Cook.
Telovitrinite is more abundant than detrovitrinite and gelovitrinite in Southern Peranap coals. 
Telovitrinite comprises mostly texto-ulminite with moderately well-preserved, gelified plant 
tissue. Detrovitrinite is the dominant constituent of the groundmass and gelovitrinite is 
generally found as inclusions or infillings in cell lumen of telovitrinite or disseminated in the 
detrovitrinite matrix.
One typical feature of the Southern Peranap Mio-Pliocene coals is the abundance of ulminite 
macérais. Texturally, most of the Southern Peranap coals exhibit moderately open cell lumen,
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containing compressed cellular botanical structure (textinite and texto-ulminite) with some of 
the cells infilled with corpogelinite, porigelinite and minor resinite and fluorinite. The good 
to excellent preservation of the botanical structures suggests the coals have not undergone 
significant coalification and probably only reached the biochemical stage with only small 
amounts of the coal reaching the geochemical coalification stage.
Taylor et a l (1982) stated that when the preservation of botanical structure is generally good, 
such coal has undergone minimal gélification. Teichmuller (1982) noted that gélification was 
a very important process influencing vitrinite textures and structures, and suggested that 
gélification may be either biochemical or geochemical.
As coal rank increases, vitrinite reflectance increases and, physically, the coals are 
characterised by decreasing porosity and increasing gélification and vitrification. Thus one 
expects to see a change in the macérai composition as some macérais are rank related, for 
example attrinite and densinite versus desmocollinite. As rank increases, the total percentage 
of textinite, texto-ulminite, and attrinite and densinite decreases and there is generally a 
corresponding increase in the percentage of desmocollinite and telocollinite. Figure 5.15 shows 
a plot of reflectance against the combined percentages of the textinite, texto-ulminite and 
attrinite for the Southern Peranap coals. Whilst there appears to be a relationship, this may 
be a function of coal type.
A study on Greek brown coal was reported by Cameron et al. (1984); they discussed the 
influences of coal rank on the proportion of textinite, texto-ulminite and attrinite and they 
concluded that as rank increased the percentage of these open-textured, porous macérais
decreased.
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Coal rank is dependent on the coalification path that was followed by the plant debris. The 
most important factor in coalification is the gradual increase in geothermal energy with burial. 
Rank variations, as measured by vitrinite reflectance can be related to various factors such as 
depth and duration of burial at specific temperatures during the coalification process 
(Hacquebard and Donaldson, 1974; Cook, 1982; Cameron, 1991). However, rank can increase 
rapidly as a result of anomalously high heat flow which may be related to intrusions or 
tectonic process (Teichmuller and Teichmuller, 1968; Bostick, 1979). As coalification is a 
function of temperature and time, an increase in vitrinite reflectance, that is, coal rank can be 
related to an increase in depth.
In most Indonesian Tertiary basins, an increase in coal rank is associated with an increase 
in depth of burial or is influenced by thermal alteration resulting from the intrusion during 
coalification. Southern Peranap coal also shows an increase in vitrinite reflectance as depth 
increases (Fig. 5.7 to 5.11) but the rate of increase is small. There are no reported intrusions 
and the vitrinite reflectances are not as high as would be expected if there were intrusions, 
that is, there is not a large increase in rank with depth. The increase in vitrinite reflectance 
with depth for the Southern Peranap coals does not indicate nearby intrusions as is reported 
for Bukit Asam (Pujobroto, pers. comm.).
5.5.3 Comparison With Other Indonesian Coals
Petrographically, Indonesian Tertiary coals can be divided into three groups based on age and 
rank criteria:
- Neogene coals with vitrinite reflectance ranging from 0.28% to 0.57% and with 
vitrinite contents ranging from 75% to 96%;
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- Paleogene coals with reflectance values between 0.53% to 0.83% and having similar 
vitrinite contents to the Neogene coals;
- thermally-altered coals with a vitrinite reflectance of more than 0.83% and vitrinite 
content exceeding 85%.
Most of the Indonesian Tertiary coals show only small variations in the relative abundance 
of the three maceral groups; dominantly vitrinite with variable minor liptinite and minor to 
sparse inertinite. The dominant macerals are mostly telovitrinite and detrovitrinite and some 
minor gelovitrinite.
Generally, Southern Peranap coals, which are of Mio-Pliocene age, have a similar composition 
to the majority of Indonesian Tertiary coals. The dominant vitrinite maceral subgroups in 
Southern Peranap coal are mostly telovitrinite (43.0%) and detrovitrinite (40.0%) with minor 
gelovitrinite (8.0%). The ratio of telovitrinite to detrovitrinite ranges from 1.01 to 1.38, with 
an average 1.20 (Fig. 5.16).
The ratio of telovitrinite to detrovitrinite for other Indonesian Tertiary coals ranges from 0.36 
to 3.70 (average of 2.03) with the lowest ratios for Bukit Asam and Ombilin coals. 
Southeastern Kalimantan coals have the highest ratios (Fig. 5.16). The lowest ratio values for 
both the Bukit Asam and Ombilin coals indicate that in these area, microbial activity was 
relatively high resulting in strongly humified and gelified plant matter during peat 
accumulation. Conversely, the high ratios for the Southeastern Kalimantan coals show less 
microbial activity in the peat.
In herted coals of Bukit Asam (South Sumatra) and the Ombilin (Paleogene coals, West 
Sumatra), liptinite generally cannot be distinguished from vitrinite due to the high rank which
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reaches the rank of anthracite in some deposits. Therefore, the coals appear to contain very 
high proportion of vitrinite (more than 96% (Daulay, 1985; Daulay and Cook, 1988)) whereas 
in Southern Peranap coal there is no indication that the coal seams have been exposed to 
thermal alteration due to intrusion as discussed for Bukit Asam and Ombilin coals.
Liptinite content in the Ombilin Paleogene coal is much lower compared to the southeastern 
Paleogene Kalimantan coals, particularly Barito Basin which has an average of 15.0%. 
(Panggabean, 1991). On the other hand, the Tertiary (Oligocene to Plio-Pleistocene) coals of 
the West Aceh Basin of Northwestern Sumatra have significantly higher liptinite contents, 
ranging from 3.0% to 35.0% (Daulay, 1985; Hadiyanto et a l , 1992). The Southern Peranap 
coals also contain a significant liptinite content with values ranging from 2.4% to 13.0%. The 
abundance of inertinite in Neogene coals of East Kalimantan (Kutai Basin) is slightly higher 
than for other Indonesian Tertiary coals.
The main trend for the Sumatran and West Java coals is an increase in the proportion of 
vitrinite and a decrease in the proportion of liptinite when Neogene coals are compared to 
Paleogene coals. On the contrary, in West Aceh and Kalimantan Basin coals, the trend is a 
decrease in the proportion of vitrinite and an increase in the proportion of liptinite.
Most Indonesian coals are derived from ombrogenous peats according to Anderson (1965; 
1983a; 1983b), in which the development of coal is controlled by a tropical climate. The 
heavy rainfall provides a nutrient-poor environment which leads to low floral diversity.
This may in part explain the low variation in maceral composition of the Southern Peranap 
coals. Few Indonesian coals have a high inertinite content except for a few coals from 
Kalimantan. The forest-type vegetation (which grew in a humid tropical zone which did not
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have a significant dry season) increased the dominance of vitrinite macerals. However, the 
high inertinite content in East Kalimantan Neogene coal is probably due to lower subsidence 
and sedimentation rates and increased oxidising conditions, possibly caused by a lowering of 
the water table during peatification. Gould and Shibaoka (1980) noted the same phenomenon 
for some Australian Palaeozoic coals and suggested that Australian inertinite-rich coals 
developed in areas where low subsidence or basin margin factors allowed intermittent aeration 
of the peat during its accumulation.
Figure 5.17 shows the maceral composition of various Indonesian Tertiary coals; also shown 
are data for other countries. In general, Indonesian Tertiary coals are rich in vitrinite and 
show little variation in maceral composition from basin to basin and also within each basin. 
Compared to other countries, the maceral composition of Indonesian Tertiary coals are most 
like some of the Tertiary coals from West Germany, Greece, Taiwan, New Zealand and the 
Australian Victorian coals.
Indonesian Tertiary coals have a wide range of vitrinite reflectances, ranging from 0.28% to 
5.0% (Daulay, 1985; Panggabean, 1991; Hadiyanto, 1992; Waluyo, 1992). The wide range 
of reflectance values is caused by the variable coalification rates which are related to tectonic 
activity and igneous intrusions. The rank of the Southern Peranap coals is lower than most 
Indonesian Tertiary coals.
Compared to other Sumatran coals, such as Ombilin and West Aceh coals, the rank of the 
Southern Peranap coals is more lower. The vitrinite reflectance of the Ombilin coal is in the 
range 0.62% to 0.77%, placing it in the high volatile bituminous coal rank. West Aceh coals 
are brown coal to sub-bituminous rank with vitrinite reflectance ranging from 0.26% to 0.60%
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(Hadiyanto, 1992). Southern Peranap coals are of brown coal rank only.
5.6 SUMMARY
The Southern Peranap coals show some variation in abundance of the vitrinite maceral 
subgroups, especially telovitrinite and gelovitrinite but little variation in the liptinite and 
inertinite contents. These Mio-Pliocene coals of the Central Sumatra Basin are dominantly 
composed of telovitrinite with subordinate detrovitrinite and only minor gelovitrinite. Texto- 
ulminite is the dominant telovitrinite maceral in all coals. Eu-ulminite and textinite are also 
present but usually not as abundant detrovitrinite macerals, especially densinite. A weak 
fluorescence from the vitrinite macerals is common in some of the coals.
Liptodetrinite and resinite are the dominant liptinite macerals although cutinite, suberinite and 
sporinite are common; the secondary liptinite macerals fluorinite and exsudatinite are rare. 
Sclerotinite and semifusinite are the dominant inertinite macerals with fusinite and 
inertodetrinite sparse to rare.
Vitrinite reflectance increases slightly from the top of the coal sequence to the bottom; this 
is a function of the increasing depth of burial.
Compared with other Tertiary Indonesian coals, the maceral composition of the Southern 
Peranap coals is similar to the majority of the coals which also contain abundant vitrinite 
(vitric type), common to relatively abundant liptinite and lesser inertinite content. The 
variation in maceral composition is probably influenced by the depositional environment 
which had a low nutrient supply and plant types which accumulated as the peat.
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FIGURE 5.1 MACERAL COMPOSITION OF THE SOUTHERN PERANAP COAL
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FIGURE 5.2 COMPOSITION OF VITRINITE GROUP IN THE SOUTHERN PERANAP COAL
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FIGURE 5.3 MACERAL COMPOSITION OF P2, Pl, LP AND UQ SEAMS, SOUTHERN 
PERANAP COAL
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FIGURE 5.4 MACERAL COMPOSITION OF Q2/Q2B, Ql, LQ AND R SEAMS, 
SOUTHERN PERANAP COAL
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FIGURE 5.5 VITRINITE REFLECTANCE FOR P2, PI, LP AND UQ SEAMS, 
SOUTHERN PERANAP COAL
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FIGURE 5.6 VITRINITE REFLECTANCE FOR Q2/Q2B, Q1, LQ AND R SEAMS, 
SOUTHERN PERANAP COAL
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FIGURE 5.7 VITRINITE REFLECTANCE VERSUS DEPTH, SK01 AND SK02 WELLS
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FIGURE 5.8 VITRINITE REFLECTANCE VERSUS DEPTH, SK04 AND SK23 WELLS
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FIGURE 5.9 VITRIISJITE REFLECTANCE VERSUS DEPTH, SK06 AND SK08 WELLS
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FIGURE 5.10 VITRINITE REFLECTANCE VERSUS DEPTH, SK10 AND SKI4 ’WELLS
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FIGURE 5.11 VITRINITE REFLECTANCE VERSUS DEPTH, SK25 AND DN15 WELLS
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FIGURE 5.12 VITRINITE REFLECTANCE AND COAL RANK CLASSIFICATIONS
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5.13 PLOT OF PETROGRAPHIC DATA OF SOUTHERN PERANAP COAL 
ON DIESSEL'S COAL FACIES DIAGRAM (a) AND CALDER'S 
DIAGRAM (b)
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FIGURE 5.14 TERNARY DIAGRAM SHOWING FACIES-CRITICAL MACERAL ASSOCIATIONS 
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FIGURE 5.16 RATIO OF TELOVITRINI.TE TO DETROVITRINITE FOR SELECTED 
TERTIARY INDONESIAN COALS
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FIGURE 5.17 COMPARISON OF MACERAL COMPOSITION FOR SELECTED TERTIARY INDONESIA BASIN (a) 
AND FROM SEVERAL COUNTRIES (b)
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TABLE 5.1. SUMMARY OF PETROGRAPHIC COMPOSITION OF THE SOUTHERN 
PERANAP COAL, CENTRAL SUMATRA BASIN
C 0 A L S E A M S
PARAMETERS - ——
P2 PI LP ÜQ Q2B/Q2 Q1 LQ R MEAN
Bo max % 0.28 0.28 0.28 0.29 0.29 0.29 0.30 0.29 0.29
BaBaf .!>•
Textinite 1 . 3 0 . 9 1 . 3 1 . 5 1 . 5 1 . 0 0.9 0 . 5 1 . 1
Texto-ulminite 4 0 . 1 3 9 . 2 3 9 . 7 3 4 . 7 3 8 . 7 3 8 . 1 3 9 . 5 3 9 . 5 3 8 . 7
Eu-ulminite 3 . 0 3 . 5 3 . 8 3 . 2 4 . 4 3 . 4 3 . 2 4 . 5 3 . 6
Telocolinite 0 . 4 0 . 2 0 . 4 0 . 4 0 . 6 0 . 2 0 . 1 0 . 3 0 . 3
Attrinite 4 . 8 4 . 6 5 . 4 4 . 7 4 . 5 3 . 5 3 . 2 4 . 8 4 . 4
Densinite 3 4 . 2 3 7 . 0 3 3 . 8 3 6 . 3 3 3 . 5 3 6 . 1 3 7 . 3 3 4 . 2 3 5 . 3
Phlobaphinite 1 . 6 0 . 6 0 . 7 0 . 7 0 . 6 0 . 8 0 . 5 0 . 5 0 . 7
Corpoge U n i t e 3 . 7 4 . 3 3 . 3 6 . 1 5 . 3 5 . 5 4 . 1 4 . 7 4 . 6
Porigelinite 2 . 7 1 . 6 2 . 2 3 . 0 2 . 6 2 . 5 2 . 1 1 . 8 2 . 3
Eu-gelinite 0 . 0 0 . 0 0 . 1 0 . 1 0 . 0 0 . 2 0 . 1 0 . 4 0 . 1
TOT a VITHINITE 91.7 91.5 90.6 90.8 91.7 91.2 90.9 91.2 91.2
Sporinite 0 . 3 0 . 4 0 . 3 0 . 4 0 . 5 0 . 3 0 . 4 0 . 4 0 . 4
Cutxnite 0 . 7 0 . 9 0 . 8 0 . 6 0 . 6 0 . 5 0 . 7 0 . 6 0 . 7
Re s m i t e 0 . 9 2 . 3 1 . 7 2 . 0 1 . 6 2 . 2 2 . 2 3 . 6 2 . 1
Liptodetrinite 4 . 5 2 . 3 3 . 7 3 . 0 3 . 1 2 . 8 2 . 9 1 . 3 2 . 9
Suberinite 0 . 2 0 . 4 0 . 4 0 . 5 0 . 3 0 . 7 0 . 7 0 . 7 0 . 5
Fluorinite 0 . 2 0 . 3 0 . 3 0 . 2 0 . 3 0 . 2 0 . 3 0 . 1 0 . 2
Exsudatinite 0 . 1 0 . 2 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 4 0 . 1
TOT a LIPTINITE 6.9 6.9 7.4 6.8 6.5 6.8 7.2 7.0 6.9
Fusinite 0 . 2 0 . 3 0 . 6 0 . 5 0 . 6 0 . 5 0 . 4 0 . 1 0 . 4
Semifusinite 0 . 2 0 . 5 0 . 5 1 . 0 0 . 4 0 . 5 0 . 6 0 . 3 0 . 5Sclerotinite 0 . 3 0 . 5 0 . 5 0 . 4 0 . 3 0 . 5 0 . 4 0 . 7 0 . 5Inertodetrinite 0 . 7 0 . 4 0 . 5 0 . 5 0 . 4 0 . 5 0 . 4 0 . 4 0 . 5
TOT.INERTINITE 1.4 1.6 2.0 2.4 1.8 2.0 1.9 1.8 1.9
MINERAL MATTER 12.2 6.4 6.0 5.3 8.3 3.1 4.9 10.8 7.1
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PLATE 1
Textinite A (Tx) with the cell lumens infilled with porigelinite (Po) and associated 
with macrinite (Me). Sample GM 24982, LP seam, Roinax = 0.31. Field width 0.36 
mm, reflected white light
Textinite B (Tx) in association with corpogelinite (Cg) and porigelinite (Po). 
Sample GM 24939, UQ seam, Fornax = 0.27. Field width 0.26 mm, reflected white 
light.
Texto-ulminite associated with exsudatinite (Exs), corpogelinite and porigelinite. 
Sample GM 24926, UQ seam, I^max = 0.29. Field width 0.28 mm, reflected white 
light.
Eu-ulminite A associated with porigelinite (Po). Sample 24946, Q2B seam, R^max 
= 0.28. Field width 0.23 mm, reflected white light.
Thick cutinite (Cu) in telovitrinite. Sample GM 24995, PI seam, Rjnax = 0.31. 
Field width 0.23 mm, fluorescence mode.
Thin suberinite (Su) associated with phlobaphinite (Phi) and semifusinite (SF). 
Sample GM 24946, Q2B seam, Roinax = 0.28. Field width 0.23 mm, reflected 
white light.
Fluorinite (FI) associated with texto-ulminite. Sample GM 24982, LP seam, Roinax 
= 0.31. Field width 0.48 mm, fluorescence mode.
Various types of sclerotinite in a local concentration in detrovitrinite. Sample GM 
24930, UQ seam, R^max = 0.29. Field width 0.48 mm, reflected white light.
PLATE 1
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PLATE 2
a Framboidal pyrite (Py) infilling cell lumens and fractures of texto-ulminite. Sample 
GM 24966, R seam, R0max = 0.25. Field width 0.23 mm, reflected white light
b Cutinite (Cu) in association with Eu-ulminite B. Sample GM 24936, PI seam, 
Roinax = 0.29. Field width 0.29 mm, reflected white light.
c Resinite infilling cell lumens of texto-ulminite associated with exsudatinite (Exs), 
corpogelinite (Cg) and porigelinite (Po). Sample GM 24919, LP seam, R^max =
0.26. Field width 0.44 mm, fluorescence mode.
d As for (c) but in reflected white light.
e Oil haze (Oh) and exsudatinite (Exs) infilling bedding plane between texto- 
ulminite and eu-ulminite. Sample GM 24938, UQ seam, Rcmax = 0.28. Field width
0.23 mm, reflected white light.
f  As for (e) but in fluorescence mode.
g Densinite (Dn) associated with suberinite (Su), sporinite (Sp) and pollen (Spl), 
resinite (R), phlobaphinite (Phi), semifusinite (SF) and sclerotinite (Sc). Sample 
GM 24926, UQ seam, I^max = 0.31. Field width 0.15 mm, fluorescence mode.
h As for (g) but in reflected white light.
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PLATE 3
Attrinite (At) associated with porigelinite (Po), cutinite (Cu), liptodetrinite (Lp), 
sporinite (crassispore, Spc), pollen (Spl) and inertodetrinite (In). Sample GM 
24930, UQ seam, I^max = 0.29. Field width 0.41 mm, reflected white light
As for (a) but in fluorescence mode.
Cell lumens in Texto-ulminite infilled by resinite (R) and corpogelinite (Cg). 
Sample 24927, Q2 seam, I^max = 0.28. Field width 0.48 mm, reflected white 
light.
As for (c) but in fluorescence mode.
Texto-ulminite associated with exsudatinite (Exs). Sample GM 24933, Q1 seam, 
Roinax = 0.30. Field width 0.31 mm, reflected white light.
As for (e) but in fluorescence mode.
Cutinite (Cu) (leaf cuticle) associated with texto-ulminite, fluorinite (FI) and 
resinite. Sample GM 24929, LP seam, Rjnax = 0.28. Field width 0.36 mm, 
fluorescence mode.
As for (g) but in reflected white light.
PLATE 3
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PLATE 4
Sporangium (Spo), resinite and fluorinite (FI) in detrovitrinite matrix. Sample GM 
24937, LP seam, I^max = 0.27. Field width 0.23 mm, fluorescence mode.
As for (a) but in reflected white light.
Cutinite (Cu) associated with exsudatinite (Exs), fluorinite (FI), resinite (R) and 
texto-ulminite (Tu). Sample GM 24930, UQ seam, I^max = 0.29. Field width 0.48 
mm, fluorescence mode.
As for (c) but in reflected white light.
Detrovitrinite (Dv) associated with fluorinite (FI), resinite (R), exsudatinite and oil 
haze (Oh). Sample GM 24927, Q2 seam, Roinax = 0.28. Field width 0.48 mm, 
fluorescence mode.
As for (e) but in reflected white light.
Exsudatinite expelled from suberinite (Su) in association with texto-ulminite. 
Sample GM 24932, Q2 seam, Roinax = 0.27. Field width 0.48 mm, fluorescence 
mode.
As for (g) but in reflected white light.
PLATE 4
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PLATE 5
Densinite associated with sporinite (crassispore, Spc and pollen, Spl), resinite (R), 
liptodetrinite (Lp), sclerotinite (Sc), semifusinite (SF) and inertodetrinite (In). 
Sample GM 24941, Q1 seam, Rjnax = 0.28. Field width 0.36 mm, fluorescence 
mode.
As for (a) but in reflected white light.
Texto-ulminite associated with exsudatinite (Exs), thin cutinite (Cu), resinite (R), 
liptodetrinite (Lp) and fluorinite (FI). Sample GM 24934, LQ seam, Roinax = 0.30. 
Field width 0.31 mm, fluorescence mode.
As for (c) but in reflected white light.
Sclerotinite (Sc) in telovitrinite. Sample GM 24931, Q2B seam, Rcmax = 0.30. 
Field width 0.48 mm, reflected white light.
Sclerotinite with thin inner ring in densinite. Sample GM 24932, Q2 seam, Rjnax 
= 0.27. Field width 0.28 mm, reflected white light.
Plectenchyme sclerotinite (Pic). Sample GM 24983, LQ seam, Rjnax = 0.33. Field 
width 0.57 mm, reflected white light.
PLATE 5
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PLATE 6
a Exsudatinite (Exs) expelled from suberinite (Su). Sample GM 24934, LQ seam, 
Roinax = 0.30. Field width 0.36 mm, fluorescence mode.
b Cutinite-derived exsudatinite in association with resinite (R), texto-ulminite (Tu), 
chlorophyllinite (Ch). Sample GM 24934, UQ seam, Roinax = 0.30. Field width 
0.36 mm, fluorescence mode.
c As for (b) but in reflected white light.
d Exsudatinite and the migrated-exsudatinite. Sample GM 24940, Q2 seam, R^max 
= 0.28. Field width 0.28 mm, fluorescence mode.
e As for (d) but in reflected white light.
f  Exsudatinite expelled from texto-ulminite. Sample GM 24938, UQ seam, R ^ a x  
= 0.28. Field width 0.23 mm, fluorescence mode.
g As for (f) but in reflected white light.
PLATE 6
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CHAPTER SIX
CHEMICAL ANALYSIS
6.1 INTRODUCTION
Chemical analyses are used to evaluate coal quality, especially as several fundamental coal 
properties have a direct relationship to the utilisation and performance of coals as solid fuels.
The properties that are important for assessing coal quality include proximate and ultimate 
analysis data, ash properties, specific energy and Hardgrove Grindability Index (HGI). These 
data for the Southern Peranap coals are examined in this chapter. Proximate analysis data 
examined include fixed carbon (daf), volatile matter (daf), moisture (adb) and ash content (db) 
(Appendix 3). Calorific values are also listed on both an adb and a daf basis Ultimate analysis 
data examined include carbon, hydrogen, sulphur and nitrogen data. All values are for full 
seam samples unless otherwise stated.
In this chapter, an attempt is also made to correlate the 
petrographic characteristics of the Southern Peranap coals as 
utilisation studies.
6.2 PROXIMATE ANALYSIS DATA
The detailed proximate analysis data for coals from the Southern Peranap area are shown in 
Appendix 3; Table 6.1 provides a summary of the data for each seam.
chemical properties with the 
both sets of data are useful in
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Ash contents (dry basis) for all samples range from 0.1% to 35%. The P2, Q2/Q2B and R 
seams typically have the highest ash values. In P2 seam, the ash ranges from 23.6% to 29.8%, 
averaging 27.3%. However, one sample taken from Drill Hole SK08 (GM 24935) has a very 
high ash (73.3%) and, although given to the author as a coal, is obviously a carbonaceous shale. 
The other samples taken from SK02 (GM.2419), SKI4 (GM.24943), SK06 (GM.24930), SKI2 
(GM.24958), SKI 3 (GM.24955) and SK03 (GM.24923) have a high ash also, ranging from 40% 
to 59% that are carbonaceous clay. Data for those samples are not included in any calculation 
or discussion of the coals hereafter.
Ash in PI seam is in the range of 7.8% to 17%, averaging 14.2% with the highest ash in the 
north-northwestern (near Drill Holes SK06) and northtem (Drill Holes SK01) areas where ash 
values up to 15% are found. R seam has the highest average ash with an average of 16.9% and 
many values are approximately 35%. In LP seam, ash ranges from 6.3% to 24.7%, with an 
average of 11.6%. The values tend to increase toward the north-northwestern (Drill Holes 
SK01, SK07) and southern (Drill Holes SK20, SKI8) areas but decrease toward the eastern area 
where the values as low as 10%.
Ash in UQ seam is the lowest ash values, ranging from 4.0% to 23.0% (averages of 10.8%) 
with increasing values towards the southwest where a maximum of more than 23% was 
measured near Drill Hole SK04. In Q2/Q2B seam, ash values are in the range from 5.0% to 
35%, averaging 18.6%. The values increase towards the northwest to approximately 21% and 
decrease to the southwest where the values are below 10% near Drill Hole SKI6.
Ash contents of Q1 seam varies, ranging from 0.10% to 24.7% and averaging 11%. The ash 
decreases towards the northwest with values less than 3% near Drill Hole DN15; to the west 
(Drill Holes SK10, 25 and 11) ash increases with the values above 16%. The ash in LQ seam
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ranges from 2.6% to 26.6%, averaging 13.5%. High ash coals are concentrated in the western 
part near Drill Holes SK10, 11, 13 and 25 where the values are above 22%. All other areas 
have low ash coal.
Fixed carbon values (dry ash free basis) range from 39.0% to 47.0% (average of 44.5%). 
Comparison of the data from the various seams shows that R seam has the lowest fixed carbon 
values with a range of 38.0% to 44.0% (average of 41%). Highest fixed carbon values for this 
seam tend to occur in the southeasthem part of the area (Fig. 6.1b).
For P2 seam, fixed carbon ranges from 38.0% to 44.0% (average of 41.3%) with values 
increasing towards the southwestern part of the area (Fig. 6.1a).
PI and LP seams have an average fixed carbon of 45.8% and 46% respectively. Fixed carbon 
values in PI seam tend to increase towards the southeastern part of the area (Fig. 6.2a) whereas 
in LP seam, values increase in an easterly direction (Fig. 6.2b). Fixed carbon values in UQ and 
Q2/Q2B seams average 47% and 45% respectively, with the lowest values encountered in Q2 
seam. In UQ seam the values increase towards the northern part of the area (Fig. 6.3a); in 
Q2/Q2B seam, the values increase near Drill Holes 2 and 16 and decrease towards the central 
part of the area near Drill Holes SK04 to SKI5 (Fig. 6.3b). In Q1 seam fixed carbon varies 
from 44% to 49% and averaging 47%; the values tend to increase in a northwesterly direction 
with values up to 47% near Drill Holes SK01 and SK02 (Fig. 6.4a). Fixed carbon values in 
LQ seam is slightly higher, ranging from 41% to 50% and averaging 47%; the values increase 
towards the northeastern part of the area to a maximum of 48% near Drill Holes SK10 and 
SK12 (Fig. 6.4b).
Volatile matter (dry ash free basis) for all Southern Peranap coal ranges from 51% to 62%,
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averaging 55%, with the highest values encountered in the P2 and R seams. Specifically, the 
volatile matter in:
- P2 seam ranges from 56% to 62% (average of 59%)
- PI seam ranges from 53% to 57% (average of 54%)
- LP seam ranges from 51% to 55% (average of 54%)
- UQ and Q2/Q2b seams ranges from 52% to 58% (average of 53%) and 52% to 61% 
(average of 55%) respectively
- Q1 seam ranges from 51% to 55% (average of 53%)
- LQ seam ranges between 46% to 58% (average of 53%)
- R seam is slightly higher with values ranging from 56% to 62% (average of 59%).
Volatile matter in coal includes a variety of hydrocarbons, carbon monoxide, carbon dioxide and 
chemically combined water. The composition varies depending on the rank and petrographic 
composition of the coal. The high volatile contents of the Southern Peranap coals reflects the 
low rank and liptinite content of these coals.
Volatile matter and fixed carbon generally exhibit an inverse relationship with each other so that 
the higher the rank of a coal, the lower the volatile matter content and the higher the fixed 
carbon. Figure 6.5a shows a plot of fixed carbon and volatile matter for the Southern Peranap 
coals. The important observation from this diagram is the scatter of points about the line of 
best fit (expected to be a straight line given that the two parameters are given on an ash free 
basis and therefore total 100). Some of the scatter could be attributable to experimental error, 
but given that the data were collected from the same laboratory from analyses undertaken at 
approximately the same time by the same analyst, its seems unlikely all scatter is due to 
experimental error. Additional samples should be run to obtain better data if this explanation
is the cause of the scatter.
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The inherent moisture contents (air dry basis) for each seam range from 10% to 22% (Appendix 
3), with an overall the average inherent moisture (moisture on an air dried basis) of 16% (Table 
6.1). In general, the average inherent moisture of the coal in the northern area (Drill Holes 
SK01, 02, 09 and 24) is slightly lower with values ranging from 10% to 15% (average of 13%). 
In the southern and southeastern areas (SK23, 18, 20 and, SK16 and 17), the average moisture 
values are in the range of 18% to 20% (average of 19%). The moisture contents in the central 
area vary from 10% to 18% (average of 14%).
The slight differences in moisture contents between seams are probably due to the influence of 
depth of burial which manifests itself as minor differences in rank; maceral composition varies 
little between seams although in one study, Unsworth et al. (1989) noted that vitrinite-rich and 
inertinite-rich coals of the same rank exhibit similar inherent moisture values.
The relationship between moisture content (inherent moisture as defined above) and volatile 
matter is shown in Figure 6.5b. Again this figure shows that a significant scatter of data points 
as is the case in Figure 6.5a. In some cases there are several cases where samples with the same 
volatile matter have quite different moisture contents. Some of the variation could be due to 
experimental error or there may be some geological basis. Again additional samples need to 
be tested particularly to see if any samples have anomalous moisture contents not 
accommodated by variations in rank of the samples.
Figure 6.6 shows the relationship between ash (dry basis) and volatile matter. There is a strong 
trend with ash increasing with increasing volatile matter but the correlation coefficient is not 
high due to the wide scatter of data points. Ash increases by 1.0% for every 0.2% increases 
in volatile matter. There appears to be no genetic reason for this relationship.
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6.3 SPECIFIC ENERGY AND HARDGROVE GRIND ABILITY INDEX
6.3.1 Specific Energy
The specific energy is given as the gross calorific value when a coal is combusted and is 
calculated either on a dry ash free basis (daf) or on a air dry basis (adb). The calorific values 
of coals in Southern Peranap are in the range of 3365 to 5265 Kcal/Kg (adb) with an average 
value of 4570 Kcal/Kg which converts to, on a daf basis, to 5885 to 6725 Kcal/Kg with an 
average value of 6470 Kcal/Kg.
Figure 6.7 illustrates the calorific values (adb) for the P2 and R seams. The calorific values for 
P2 seam decrease towards the northwestern area (values up to 3700 Kcal/Kg), the northern and 
southern areas (values greater than 4150 Kcal/Kg). In R seam, calorific values tend to increase 
toward the northeast (at Drill Holes SK10, SKI2), reaching a maximum of 4650 Kcal/Kg.
The calorific values for PI and LP seams are shown in Figure 6.8. For PI seam, the 
southwestern and central areas have the lowest values with maxima of approximately 3600 
Kcal/Kg; to the north and southeast, the values are above 4200 Kcal/Kg (Fig. 6.8a). In LP 
seam (Fig. 6.8b), the highest values are above 4600 Kcal/Kg, in the southeastern area; lower 
values of between 4100 to 4300 Kcal/Kg are found in the southern (Drill Hole SK23) and 
southwestern (Drill Hole SK07) areas.
UQ seam has high calorific values in the northern and southern areas (Fig. 6.9a) with values 
ranging from 4900 to 5100 Kcal/Kg; in the central area, values are lower and range from 4500 
to 4700 Kcal/Kg.
Q2/Q2B seam has more irregular, almost random, pattern; most values are in the range of 3365
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to 5110 Kcal/Kg (Fig. 6.9b) without any apparent spatial relationships. Figure 6.10 shows the 
calorific values for Q1 and LQ seams. The values for both seams have a similar distribution 
pattern to that for Q2/Q2B seam in that it is quite irregular compared to the spatial patterns for 
seams such as P2, PI and UQ. The calorific values for Q1 and LQ seams average 4882 
Kcal/Kg and 4643 Kcal/Kg respectively.
6.3.2 Hardgrove Grindability Index
Coal grindability is a complex physical property that is related to composition, moisture content, 
mineral content, strength, tenacity and fracture pattern of the coal. Coal grindability is 
measured by the Hardgrove Grindability Index (HGI) test. Grindability is an extremely 
important property when a coal is being considered as a pulverised fuel. Table 6.1 gives the 
HGI values for each seam in Southern Peranap.
The HGI values for the Southern Peranap coals range between 37 to 72 units, averaging 50. 
Coals from P2 and PI seams have the lowest HGI values with averages of 43 and, in general, 
both of these coals are relatively harder than coals from other seams.
For the other seams the values are as follows:
i. LP seam has a HGI range of 43 to 57 and an average of 51;
ii. for UQ seam, the values are in the ranges of 48 to 57, averaging 52;
iii. Q2/Q2B seam has HGI values in the range of 39 to 60 with an average of 49; these 
coals are slightly harder than coals from LP and UQ seams;
iv. Q1 seam has HGI values in the range 42 to 69 with an average of 58; these coals are 
slightly softer compared to those from other seams; and
v. LQ seam has HGI values ranging from 42 to 72 and averaging 55.
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Grindability of coals is related to several properties including ash content, nature and 
composition of the ash, macérai composition and rank. For the Southern Peranap coals, the 
slightly harder nature of the coals from P2 and PI seams is related mostly to the higher ash. 
The influence of the macérai composition and rank on the hardness of the coals from P2 and 
PI seams in the Southern Peranap is very small. The variation in the macérai composition and 
rank between all seams is small and such variations are unlikely to affect grindability to any 
significant extent.
Figure 6.1 la shows the relationship between HGI and ash for the Southern Peranap coals. The 
figure clearly shows that the HGI values increase with decreasing ash content; this supports the 
above hypothesis that ash is the major influence on grindability. The HGI values increase by 
approximately 1 HGI unit for each 5% decrease in ash. A similar relationship is obtained, as 
expected, between mineral content, as opposed to ash, and HGI.
6.4 ULTIMATE ANALYSIS
6.4.1 Elemental Composition
Ultimate analysis data are shown in Appendix 4; Table 6.2 summarises the ultimate analysis 
data according to seam. The interseam variations in the elemental compositions of the coal are 
relatively small. Carbon (C) content slightly increases from the youngest seam (69%), P2, to 
the oldest seam (70.6%), R, and correspondingly oxygen (O) values are lower, 24.5% to 21.8% 
respectively. The slight increase in carbon content and corresponding slight decrease in oxygen 
contents from the youngest to oldest coals are a function of rank.
Variations in hydrogen contents are relatively small, ranging from 4.5% to 5.8% with the lower 
values recorded in R seam. Mazumdar (1972) noted that for lower rank coals, geochemical
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evolution of coal from lignite (62% carbon level) to bituminous coal (84% carbon level) has 
little effect on the carbon-hydrogen matrix of the coal structure; the major change in the 
material balance of the coals is the loss of oxygen from the system; oxygen is lost as carboxyl, 
hydroxyl and carbonyl groups. The Southern Peranap coals fit the trends indicated by 
Mazumdar.
Van Krevelen (1981) noted that hydrogen content of coal is closely related to the volatile matter 
for which liptinite is the major contributing factor. Generally, coals with the same H/C atomic 
ratios have the same basic structure and distribution of hydrogen. Plotting the H/C ratio versus 
volatile matter (Fig. 6.12a) for the Southern Peranap coals shows that for each 0.01% increase 
in the H/C ratio, the volatile matter increases by 1.0%.
The H/C and O/C atomic ratios for Southern Peranap coals are plotted on a Van Krevelen 
diagram (Fig. 6.12b). It can be seen that the coals from R seam are distinguished from the 
other coals by their lower O/C atomic ratios. The range of the hydrogen contents varies only 
slightly whereas the oxygen contents have a wide range of values. The diagram also shows that 
most of the Southern Peranap coals are in the transition zone between lignite and sub­
bituminous coal. However, R seam coals are sub-bituminous in rank. In general, compared to 
the vitrinite reflectance-based rank values, the atomic ratio-based ranks appear to be slightly 
higher.
Nitrogen contents also only show small variations; the average value for R seam is only slightly 
higher (1.31%) than the corresponding values for other seams (0.86% to 0.95%). Overall, the 
average nitrogen content, for all samples, in the Southern Peranap is 0.95%.
Sulphur content (Table 6.2) in the coals is slightly higher in the UQ and R seams where the
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averages are 0.61% and 1.82%, respectively. The Q2/Q2B and LP seams have similar values, 
0.38%; for P2, PI and Q1 seams, the average values are less than 0.29% (Fig. 6.13a).
Sulphur is present mostly as organic sulphur, constituting 56% to 84% of the total sulphur. In 
most samples the pyritic sulphur is a minor constituent but in some it can be realtively high, 
comprising of 15% to 34% of the total sulphur. Sulphate sulphur is the least abundant form 
of sulphur. Figure 6.13b shows the proportion of pyritic, sulphate and organic sulphur for each 
seam.
6.4.2 Composition of the Ash
The chemical compositions of ash from the Southern Peranap coal can be seen in Table 6.3. 
Silica (Si02) is the dominant component followed by A120 5, CaO and Fe20 3. Other constituents 
such as MgO, Na20 , K20 , T i02 and P2Os only occur in small amounts.
Si02 contents of the ash range from 34% to 56% (average of 42.9%). PI, P2 and Q2/Q2B 
seams have the highest silica with the values up to 46%. The other seams, LP, UQ, Q l, LQ 
and R seams, contain less silica with values less than 40%; the lowest value was found in a coal 
from UQ seam (34.2%).
Alumina (A120 3) ranges from 15% to 21.5%, averaging 17.9%. A120 3 content increases
slightly with a corresponding decrease in Si02 content. Alumina in R, P2, PI and Ql seams 
is slightly lower than in other seams, the average values range from 14% to 16%. In LP seam, 
the A120 3 values average 18.4%. UQ, Q2/Q2B and LQ seams have slightly higher alumina with 
the average values ranging from 20% to 21.5%; the highest value was recorded for UQ seam.
Calcium (CaO) contents range from 9.5% to 17.9%, averaging 13.2%. The highest calcium
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contents occur in Q2/Q2B seam where the average content is 17.9%; P2 seam has lower 
calcium with an average value 9.5%.
Iron (Fe20 3) ranges from 8% to 14% with an average of 12% for all values. The Fe20 3 values 
in Q1 seam are significantly higher than those for the other seams; the average value is 21.7%. 
The average contents in the coals from PI and LQ seams are less than 8.5%; in the other seams 
(P2, LP, UQ and Q2/Q2B and R seams) the average values range from 10% to 14%.
Magnesium oxide (MgO) contents generally range from 2% to 8%; the highest values occur in 
LP seam where the average is 23.8%. MgO values in R and PI seams are slightly lower 
compared to the other seams; the average values are less than 3%. The average value for all 
seams is 5.12%.
Sodium (Na20 ) is relatively low in all seams with values ranging from 0.3% to 2.9% and 
averaging 1.8%.
The other constituents of the ash, such as potassium (K20), titanium (Ti02) and phosphorus 
(P20 5) are generally low in all seams. The average values are 0.8%, 0.58% and 0.40%, 
respectively. The only atypical values for these three elements are the K20  contents in UQ and 
R seams where the values are 1.3% and 1.1% respectively. These are significantly higher than 
in other seams and is probably related to an increased clay content; the ash value for R seam 
is the highest for any seam.
According to Huffman and Huggins (1986), low rank brown coal and bituminous coal have 
differences in the proportions of the inorganic constituents in the ash, especially calcium, iron 
and the alkali elements. They stated that in bituminous coals, calcium (CaO) is typically low
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(less than 5%) and is generally derived from the mineral calcite. In low rank coals, CaO 
content is high (10% to 30%); the calcium is thought to be in a molecular form that is dispersed 
throughout the coal macerals as salts of carboxylic acids. Similar differences are found for the 
alkali (potassium and sodium) elements. Illite is the major source of potassium in bituminous 
coals; small amounts of alkali elements are found in brown coal where they are believed to 
occur as salts of humic or carboxylic acids.
Iron in bituminous coal commonly is derived from various minerals such as pyrite, ferrous clay 
minerals and carbonates, whereas in brown coals, pyrite and its weathering products are thought 
to be the precursors of the iron.
The combined average percentages of basic oxides (Fe20 3, CaO, K20 , Na20  and MgO) range 
from 34% to 49% and average 35%. The acidic oxides (Si02, A120 3 and T i02) range from 51% 
to 77%, averaging 65%. The ratio of silica to alumina ranges from 1.6 to 3.7 with an average 
2.4.
6.5 CORRELATION OF PETROGRAPHIC AND CHEMICAL PROPERTIES
The calorific value, particularly in low rank coals, is of great importance as a rank parameter. 
The average calorific values for the Southern Peranap coals were found to range from 6285 
Kcal/Kg to 6625 Kcal/Kg (daf). On Figure 6.14, the calorific values are plotted against 
vitrinite, liptinite and inertinite maceral groups. These figures shows that calorific values 
decrease with increasing vitrinite content and increase with increasing liptinite and inertinite 
contents. The calorific values increase approximately 75 Kcal/Kg for every 0.1% decrease in 
vitrinite, the values increase 60 Kcal/Kg for every 0.1% increase in liptinite increase and 100
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Kcal/Kg for every 0.1% increase in inertinite. The contributions from other macerals groups 
have not been taken into account for any calculation and each must therefore be seen as 
indicating a trend rather than being absolute.
In brown coals and low rank bituminous coals, the calorific values increase rapidly with an 
increase in carbon content. The maximum calorific value is obtained at a carbon content of 
89.6% in low-volatile bituminous coals. At higher ranks, calorific values decrease slightly, at 
first, but then increase again to the semi-anthracite and anthracite ranks (Patteisky and 
Teichmuller, 1960). Figure 6.15a illustrates the relationship between calorific value and carbon 
content for the Southern Peranap coals. The figure shows that calorific values increase 
approximately 26.5 Kcal/Kg for every 0.1% increase in carbon content.
The correlation between the average calorific values and vitrinite reflectance (Fig. 6.15b) shows 
that the calorific values increase by approximately 300 Kcal/Kg for each 0.01% increase in 
vitrinite reflectance (R0 max). Plotting carbon content against reflectance also shows a similar 
trend (Fig. 6.16b). The carbon content increases approximately 0.58% for each 0.01% increase 
in vitrinite reflectance. From these figures, it can be seen that the systematic changes in carbon 
content and calorific values are much wider than are the corresponding changes in vitrinite 
reflectance, suggesting that carbon content and calorific value are a better rank criteria than 
vitrinite reflectance for the Southern Peranap coals. McCartney and Teichmuller (1972) also 
reported that carbon content is a better rank parameter than vitrinite reflectance for low rank 
coals (lignite and sub-bituminous coals) where the carbon content ranges from 70% to 80%.
Patteisky and Teichmuller (1960) showed that volatile matter is not a particularly good rank 
parameter for low rank coals. In low rank coal, volatile matter was found to decrease only 
slightly with increasing rank and showed a wide variation in volatile matter contents in coals
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of the same rank. In higher rank coals (medium volatile bituminous coal to semi-anthracite), 
volatile matter decreased rapidly with increasing rank and could be used as a precise rank 
parameter; in the same higher rank range, volatile matter correlated well with vitrinite 
reflectance (McCartney and Teichmuller, 1972).
In Southern Peranap coals, the volatile matter decreases from 68% to 46% with an increase in 
the vitrinite reflectance from 0.25% to 0.30% (Fig. 6.16b).
The Hardgrove Grindability Index (HGI) generally increases with increases in coal rank; the 
higher the rank, the higher the HGI values, indicating that the coals are easier to grind. Hower 
and Wild (1988) noted that vitrinite reflectance and maceral composition are the important 
predictors of HGI.
In the low rank Southern Peranap coals, the vitrinite reflectance ranges from 0.22% to 0.42% 
and the average HGI values range from 43 to 58 HGI units. The average HGI value increases 
by approximately 7.5 HGI units for every 0.1% increase in vitrinite reflectance. This is 
approximately twice that found by Hower and Wild. Hower and Wild (1988) studied a very 
different suite of coals, namely, the high volatile bituminous coals of Kentucky. They predicted 
that the HGI should increase by 2 HGI units for every 0.1% increase in vitrinite reflectance for 
their coals.
The relationship between maceral composition and HGI is illustrated in Figure 6.17. The figure 
shows that HGI increases as the percentage of vitrinite decreases and correspondingly increases 
with increasing liptinite and inertinite. The HGI value increases by approximately 15 units for 
a decrease in vitrinite contents from 91.5% to 91%, that is, the HGI increase is 15 units for 
every 0.3% increase in liptinite and 15 units for every 0.4% increase in inertinite.
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6.5.1 R Mode Cluster Analysis
R-mode cluster analysis was used to show the interrelationships between the various 
petrographic and chemical properties. The data set consisted of 31 variables and these were 
examined using the Pearson product moment correlation coefficient as a measure of similarity 
and the equally weighted pair-grouping method of clustering; the results are presented in the 
form of dendograms as shown in Figure 6.18.
The analysis shows three cluster groups:
Cluster A: densinite, resinite, suberinite, corpogelinite, porigelinite, semifusinite, carbon 
content, hydrogen content, sulphur content, ash, mineral matter, volatile matter 
and calorific value.
Cluster B: texto-ulminite, eugelinite, exsudatinite and sclerotinite.
Cluster C: vitrinite reflectance, textinite, eu-ulminite, telovitrinite, liptodetrinite, 
phlobaphinite, inertodetrinite, fluorinite, oxygen, fixed carbon, attrinite, cutinite, 
sporinite and fusinite.
The cluster groups were linked with low similarity coefficients ranging from 0.01 to 0.03.
In group A the strongest linkages are between the variables volatile matter and calorific value 
(r = 0.94), followed by carbon content with hydrogen content (r = 0.72). The moderately linked 
pairs include ash and mineral matter (r = 0.60), corpogelinite and porigelinite (r = 0.46) and 
resinite and suberinite (r = 0.48).
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Cluster group A consists of sub-cluster A l, A2 and A3. Sub-cluster A1 link ash, mineral 
matter, volatile matter and calorific value. The linking of ash and mineral matter is logical. 
The linking of volatile matter and calorific value is not unusual as a strong correlation between 
the liptinite content and volatile matter was found.
Sub-cluster A2 links corpocollinite, porigelinite and semifusinite with carbon, hydrogen and 
sulphur contents. This sub-group appears to link two reactive macerals with high volatile 
matter. Semifusinite is rare and its linking is probably coincidental.
Sub-cluster A3 consists of densinite, resinite and suberinite; similarity coefficient between its 
member is low to moderate (0.15 to 0.48). These macerals are commonly associated in coal 
samples
Group B includes the variables texto-ulminite, eugelinite, exsudatinite and sclerotinite; similarity 
coefficient between its members is low (0.03 to 0.21). However this relationship, particularly 
associated macerals between exsudatinite with both texto-ulminite and sclerotinite are commonly 
found in coal samples.
Group C has low to high similarity coefficients between the variables (0.12 to 0.82). The 
significantly-linked variables include eu-ulminite with telocollinite (0.65), and both with 
liptodetrinite (0.58), and phlobaphinite with inertodetrinite (0.37). Other variable linkages, such 
as vitrinite reflectance, textinite and fusinite, have low similarity coefficients. Petrographically, 
the members of group C were found to be closely associated macerals when point counting.
Cluster C is divided into three sub-clusters C l, C2 and C3. Sub-cluster C l, the group attrinite,
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cutinite, sporinite and fusinite are weakly linked (0.16 to 0.32). This sub-group are commonly 
associated with each other in Southern Peranap coals; chemically these macerals, particularly 
sporinite and cutinite, are very reactive macerals (Winnans and Crelling, 1992).
Sub-cluster C2 has low to high similarity coefficients between variables (0.19 to 0.82). A 
strong linkage occurs between the variables oxygen and fixed carbon (0.82), and both with 
fluorinite are linked; both are commonly associated in coal samples.
Sub-cluster C3 link vitrinite reflectance, textinite, eu-ulminite, telocollinite, liptinite, 
phlobaphinite and inertodetrinite. This group has low to moderately high similarity coefficients 
between variable (0.12 to 0.65).
6.5.2 Q Mode Cluster Analysis
Q-mode analysis was used to determine the similarity and dissimilarity between samples, based 
on the cosine theta correlation coefficient. The result of the analysis for the 88 coals studied 
are presented as a dendogram (Fig. 6.19) and the raw data are given in Appendix 5. The 
samples are grouped into three major clusters - A, B and C; correlation coefficients within the 
groups range from 0.02 to 0.06.
Cluster group A is characterised by the samples with relatively high contents of textinite, eu- 
ulminite, phlobaphinite, cutinite, liptodetrinite, fluorinite, inertodetrinite and fixed carbon, 
moderately high contents of texto-ulminite and calorific value or samples with low 
corpogelinite, resinite, ash, mineral matter, volatile matter and fusinite contents (Fig. 6.20 and
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Fig. 6.21a).
Group B contains samples with high densinite, attrinite, resinite,suberinite, corpogelinite, 
mineral matter, semifusinite, sclerotinite, moderately ash, volatile matter, and relatively low 
texto-ulminite, eu-ulminite, liptodetrinite, fusinite, inertodetrinite and calorific value (Fig. 6.20 
and Fig. 6.21a).
Group C comprises the samples that contain high mineral matter, ash, calorific value, fusinite 
and slightly high texto-ulminite, volatile matter (Fig. 6.20). Samples with the highest calorific 
values are in this group (Fig. 6.21a).
The proportions of carbon, hydrogen, nitrogen, sulphur and the mean vitrinite reflectance values 
are generally the same for all cluster groups.
Cluster A is divided into two sub-clusters, A1 and A2. Sub-group A1 has low to high 
similarity coefficients ranging from 0.18 to 0.82 (Fig. 6.19). This sub-group is generally 
contains the samples that have high proportions ulminite (49.8%), resinite, suberinite and 
inertinite macérai group, and low mineral matter compared to sub-group A2 (Fig. 6.22). Sub­
group A2 has moderate to very high similarity coefficients (0.18 to 0.88). This group contains 
the samples that have the highest liptodetrinite (5.8%) and textinite (1.7%), moderately high 
calorific value (6519 kcal/kg, daf), densinite (37.7%), corpogelinite, mineral matter (Fig. 6.21b 
and Fig. 6.22).
Cluster group B comprises two sub-group numbered B1 to B2 for which the intercluster 
correlation coefficients range from 0.06 to 0.08. Sub-group B1 is differentiated from sub-group 
B2 in that it contains the samples with the more higher mineral matter (7.5%), higher ash 
(17.1%), calorific value, and volatile matter (54.9%), moderately high attrinite, corpogelinite and
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lower fixed carbon (45%) (Fig. 6.23). Cluster sub-group B2 consists of the coals that have high 
texto-ulminite contents (37%) and correspondingly low densinite (36%), relatively low mineral 
matter (5.2%) and ash (13%), and the lowest calorific value (6341 Kcal/Kg, daf) (Fig. 6.21b 
and Fig. 6.23).
Cluster C is divided into two sub-groups, Cl and C2; all groups have low correlation 
coefficients of similarity with values ranging from 0.16 to 0.30. However, the correlation 
coefficients within each sub-group are moderately high to high. Sub-group Cl consists of the 
coals that contain the highest percentage of densinite (39.6%) and calorific value (6588 
Kcal/Kg, daf). In this sub-group eu-ulminite, resinite, fusinite and fixed carbon (47%) are 
slightly higher than in samples within C2 sub-groups (Fig. 6.24). Sub-group C2 has the highest 
ulminite (50.8%), volatile matter (56.9%), ash (21.6%) and mineral matter (8.8%), and 
moderately high attrinite, semifusinite and inertodetrinite (Fig. 6.24).
Q-mode cluster analysis shows that all sample in the population set could be discriminated on 
the basis of the various properties of the coal. Most groups and subgroups had positive 
similarity coefficients. However, in general, differences and similarities within cluster groups 
are mainly related to the variation in macérai composition, ash content/mineral matter, volatile 
matter and calorific value (Figs 6.20 to 6.24).
Based on cluster analysis Southern Peranap coals can be classified into three groups:
i. highly gelified coals with high volatile matter, low calorific values and moderately high 
ash;
ii. coals with relative high tissue preservation, high ash and volatile matter and medium 
calorific values; and
iii. moderately gelified coals with low ash contents but relatively high liptinite and calorific
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value.
6.6 DISCUSSION
The general characteristics of the Southern Peranap coals are that they have calorific values 
which average 6470 Kcal/Kg (daf basis) and volatile matters which average of 55.0%, and 
relatively low moisture contents which average of 16% (adb) or 48% total moisture (bed 
moisture) and sulphur contents (average of 0.53%), and variable ash content from low to 
moderately high.
A comparison of the ranks of the Southern Peranap coal, using both vitrinite reflectance and 
chemical parameters to determine rank as suggested by Teichmuller and Teichmuller (1982), 
shows slight differences. The ranks based on calorific values is slightly higher than the rank 
indicated by vitrinite reflectance (R0 max). A similar result also occurs where the rank 
parameter is volatile matter. However, the rank is slightly higher if the rank predictor is 
calorific value (Fig. 6.25). It is generally accepted that vitrinite reflectance is not the best rank 
parameter for brown coals and that apparent discrepancies between the different rank parameters 
are also not uncommon in coals of the rank of the Southern Peranap coals.
Ash in the coals originates from three sources (Berkowitz, 1979: McCabe, 1984):
i. syngenetic or inherent ash which is derived from the inorganic components contained in the 
cellular structure of plant debris;
ii. syngenetic or extraneous ash which is derived from clastic detritus introduced into the 
swamp during and after peat accumulation; and
iii. secondary authigenic minerals such as sulphides that are introduced into peat during or
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following deposition, or into seams during coalification by various ion exchange processes.
The variability of ash in coals depend on the influx of detritus into peat swamp, pH, water 
chemistry within the peat swamp and the plant material of which the peat is composed. These 
have a direct controlling effect on the resultant coal macerals and ash content. For instance, 
woody material can form low ash, vitrinite-rich coals whereas bark and leaves may produce 
higher ash, inertinite-rich coals. Grasses will selectively absorb silica from the soil during 
active growth, lycopods will preferentially take up alumina which produces high alumina in the 
ash.
Most Indonesian coals are derived from ombrogenous peat mires and typically have low ash and 
sulphur (Anderson, 1965). According to McCabe (1984), the three factors that contribute to the 
formation of low ash coals:
i. swamp water chemistry may shield the peat from clastic contamination;
ii. the peat may originate from a raised swamp or floating peat which is probably unaffected 
by clastic deposition; and
iii. the peat is deposited but not contemporaneously with the elastics.
For the Southern Peranap coal, ash content is relatively high compared to other Indonesian coals 
(Table 6.4) and this castes some doubt on the ombrogenous peat mire model for the Southern 
Peranap coals. The possible models for the high ash coals from Southern Peranap is that the 
peat developed on the margin of a raised bog environment within a fluvial floodplain system 
(in which case the location of the thick low ash sections of the mires is outside the Southern 
Peranap study area) or alternatively the peat formed as low-lying topogenous mire which were 
exposed to floods and an input of clastic detritus, particularly clay minerals and perhaps fine-
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grained quartz. The peat mires were vegetated by woody plants characteristic of the tropical 
dense forests and the high water table was maintained by periods of heavy rainfall or frequent 
flooding. The very wet conditions also account for the high vitrinite composition of the 
Southern Peranap coals. The high rainfall to the raised swamp was not high enough to decrease 
the pH of the swamp water chemistry; thus the pH of the swamp water was not capable of 
segregating and preventing the suspended sediment-laden waters from the river floods flushing 
out the inorganic components from the peat swamp.
In their study, Staub and Cohen (1979) observed that the differences in pH between the swamp 
waters and the river flood waters entering the Snuggedy Swamp peats, caused flocculation of 
clay minerals along the river margins. This condition shielded the peat swamp from the detrital 
sediment influx.
Affolter and Hatch (1984) showed, using geochemistry, that the ash contents of coals are 
dependent on pH-controlled levels of bacterial activity in the ancient peat swamps; microbial 
activity becomes increasingly effective above a pH of 4.5, markedly increasing the ash 
percentage. The highly acid condition of peat swamp where pH is less than 4.5, results in low 
mineral matter in the peat. Peat accumulation in swamps with pH > 4.5 would produce inferior 
coal comprising of > 33% ash (Renton and Donaldson, 1979; Renton et al., 1980; Cecil et a l , 
1980; Tasch, 1980; Caincross and Cadle, 1988; Teichmuller, 1989).
Sulphur content in the Southern Peranap coals, overall, is low for all seams (average of 0.53%) 
with the exception of R seam. Organic sulphur is the dominant sulphur constituent of the coal. 
There is tendency for sulphur contents to increase from the youngest (P2) to the oldest (R) coal 
seams; the percentage of organic sulphur correspondingly decreases (Fig. 6.13). This is thought 
to indicate that the brackish water or marine influence on the raised swamp during the peat
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accumulation was greatest for the oldest coals in the Southern Peranap sequence. Anderson 
(1965, 1983), Esterle et al. (1989) and Esterle and Ferm (1994) stated that many tropical raised 
peat swamps have developed from a low moor peat with a brackish water influence on the 
raised bog.
Hunt and Hobday (1984) noted that for Permian coals, sulphur contents in coals associated with 
braided alluvial-fan facies is usually low (less than 0.55% total sulphur content), with the 
dominant sulphur of organic sulphur. Increasing sulphur contents in coal is related to a brackish 
or marine influence to the peat swamp (Hunt and Hobday, 1984; McCabe, 1984; Teichmuller, 
1989).
Ash composition of the Southern Peranap coal is mostly silica (average of 42.9%) and alumina 
(17.9%); other constituents such as calcium, iron, magnesium, sodium, potassium, titanium and 
phosphorous are relatively insignificant. High contents of silica (Si02) and alumina (A120 3) 
suggest that much of the fine-grained mineral matterin the coals is dominantly from quartz and 
clay minerals.
Figure 6.26a shows the ratios of silica to alumina for each seam; the ratios tend to decrease 
from seam P2 to seam R. The average silica:alumina ratio, calculated for the Southern Peranap 
coal, is high with the value 2.4. In comparison, Dixon et a l (1964) reported that the 
silica:alumina ratios for British clean coal, defined as coal with less than 15% of ash, was much 
lower than 1.43. In some Australian Permian coals, such as the Queensland and Illawarra coals, 
the ratio ranges from 2 to 5 (Shibaoka, 1972).
Shibaoka (1972) noted that any peat swamp that developed under unstable conditions, such as 
rapid subsidence and tectonic movement, produced silica-rich coal due to the input of eroded 
detritus from the hinterland which was transported to the peat swamp. Under stable conditions
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(low subsidence rate and tectonic movement), peat swamps receive leached colloidal hydroxides 
and colloidal aluminosilicates derived from the erosion of podsolic soils; as a result the coals 
are rich in alumina.
Sodium contents of the Southern Peranap coals are low with an overall average value of 1.8%. 
There is a strong indication that sodium content increases with increasing depth with values 
increasing from the younger P2 seam to the older R seam (Fig. 6.26b).
For any coal, Hardgrove Grindability Index (HGI) is important when coals are pulverised and 
as pulverised coals are thought to be the best feedstock for coal combustion, this property has 
to be examined in detail. HGI is used as a primary test to measure the mechanical strength and 
milling behaviour of a coal. The HGI is influenced by the rank, petrographic composition and 
the distribution of mineral constituents, particularly crystalline minerals such quartz, feldspars 
and carbonate, in the coal. It is also affected by the equipment used (Agus and Waters, 1972; 
Lawrence, 1978).
It is likely that Southern Peranap coals will be used in pulverised combustors and this property 
has to be considered carefully. In Southern Peranap coal, the P2 and PI seams have the lowest 
HGI with an average of 43 HGI units. This indicates that the P2 and PI coals are harder than 
the coals in the other seams. They would give larger particle size compared to other seams. 
P2 and PI coal also have a high ash contents (27% and 14.2%) and this is one reason for the 
low HGI values.
Ash content is not the only primary factor effecting the grindability. The type of mineral is a 
determining factor. Fitton et a l (1957) studied the HGI for British coals and noted that some 
British coals were easy to grind; these coals had high ash; other British coals were more
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difficult to comminute but the ash content was also high.
Hsieh (1976) noted that in coal with vitrinite contents more than 90% and mineral matter less 
than 10%, rank parameter are sufficient to predict grindability. According to Chandra and 
Maitra (1976), for coal that contains no mineral matter, the HGIs fall with increasing vitrinite 
contents. In high volatile bituminous coal, with mineral matter contents of more than 10%, the 
HGI decreases rapidly with decreasing vitrinite contents.
For the low rank Southern Peranap coals which contains more than 90% vitrinite and a 
relatively low mineral matter (average of 7.1%), the HGI changes significantly with small 
changes in percentage of vitrinite (Fig. 6.17a).
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FIGURE 6.1 FIXED CARBON (daf) VALUES (a) P2 SEAM AND (b) R SEAM
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FIGURE 6.2 FIXED CARBON (daf) VALUES (a) P1 SEAM AND (b) LP SEAM
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FIGURE 6.3 FIXED CARBON (daf) VALUES (a) UQ SEAM AND (b) Q2/Q2B SEAM
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FIGURE 6.4 FIXED CARBON (daf) VALUES (a) Q1 SEAM AND (b) LQ SEAM
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FIGURE 6.12b H/C AND O/C ATOMIC RATIOS FOR THE SOUTHERN PERANAP 
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SUB-GROUP
FIGURE 6.21 CALORIFIC VALUE FOR THE VARIOUS CLUSTER GROUPS 
AND SUB-GROUPS
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Exsu=exsudatinrte, Fus“fusinite, SF“semrfusinfte, Sc(=scferotinrte, (nert"inertodetrinfte,
MM “mineral matter, Rmax=mean vitrinite reflectance
ASH=ash content, S=sulphur, VM=vofatWe matter, FC=frxed carbon, C=carbon, H=hydrogen, 
N-nitrogen, O-oxygen
FIGURE 6.22 PETROGRAPHIC AND CHEMICAL PROPERTIES OF THE SUB-CLUSTER
GROUP A
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FIGURE 6.23 PETROGRAPHIC AND CHEMICAL PROPERTIES OF THE SUB-CLUSTER
GROUP B
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FIGURE 6.24 PETROGRAPHIC AND CHEMICAL PROPERTIES OF THE SUB-CLUSTER
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FIGURE 6.25 RANK BASED ON VITRINITE REFLECTANCE (Ro max), CALORIFIC VALUE (MOIST-ASH FREE 
BASIS) AND VOLATILE MATTER
(Modified from Teichmuller & Teichmuller, 1982; Cameron et al., 1984)
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FIGURE 6 .26  SILICA/ALUM INA RATIOS (a) AND SODIUM CONTENTS (b), SOUTHERN PERANAP COAL
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TABLE 6.1. PROXIMATE ANALYSIS, CALORIFIC VALUE. HARDGROVE 
GRINDABILfTY INDEX OF PERANAP COAL
SEAM TM IM ASH S VM FC CV CV HGI
NAME % % % % % % Kcal/Kg
(as) (adb) (db) (db) (daf) (daf) (adb) (daf)
P2 44.60 14.5 27.3 0.49 58 7 41.3 3972 6285 43
P1 48.50 16.6 142 0.37 54.2 45.6 4619 6450 43
LP 49.25 16.1 11.6 0.34 53.8 46 2 4635 6477 51
UQ 50.56 15.2 10.8 0.43 534 46.5 4878 6499 52
Q2/Q2B 48.44 15.8 18.6 0.38 55.2 44.6 4426 6420 49
Q1 49.66 16.1 11.1 0.31 53.1 46 8 4882 6546 58
LQ 47.24 16.2 13.5 0.24 52.7 47.3 4643 6461 55
R 44.98 15.3 28.0 1.73 59.0 39.7 4498 6625 -
as = as-received sample basis; adb = air-dry basis; db = dry basis, daf = dry-ash free baas 
TM = Total moisture Ash = Ash Content
IM = Moisture Contents S = Sulphur Content
VM = Volatile Matter HGI= Hardgrove Grindability Index
FC = Fixed Carbon
c:\kerja\thesi sV sumpx3im.wk3
179
TABLE 6.2 ULTIMATE ANALYSIS FOR SOUTHERN PERANAP COAL (dafb)
Forms of sulphur (%)Seam
name
Carbon
%
Hydrogen Nitrogen5- ?■0 'o
Sulphur
\
Oxygen H/C O/C
P y n t i c Sulphate Organic
P2 69.23 5.16 0.86 0.24 24.51 0.89 0.27 0.03 0.02 0.15
PI 69.29 5.01 0.91 0.30 24.49 0.87 0.27 0.03 0.02 0.24
LP 69.63 4.92 0.92 0.35 24.18 0.85 0.26 0.02 0.02 0.24
UQ 69.46 5.15 0.85 0.60 23.94 0.89 0.26 0.06 0.02 0.22
Q2/Q2B 69.60 4.98 0.94 0.39 24.09 0.86 0.26 0.05 0.03 0.14
fil 69.60 5.16 0.95 0.28 24.01 0.88 0.26 0.04 0.04 0.24
LQ 69.42 5.10 0.86 0.28 24.34 0.88 0.26 0.03 0.02 0.15
R 70.62 4.48 1.31 1.82 21.77 0.76 0.23 0.41 0.13 0.71
Ultimate Analysis were supplied by DOC - NEDO
dafb = dry ash free basis
H/C = Hydrogen Carbon Ratio
0/C = Oxygen Carbon Ratio
TABLE 6.3 Summary of ash composition for Southern Peranap Coal
Parameter
P2 P1 LP UQ Q2/Q2B Q1 LQ R
Mean
totalrange mean range mean range mean range mean range mean range mean range mean mean
Si02 36.28-57.10 46.69 48.10-64.51 56.31 19.56-56.90 38.23 17.70-50.60 34.15 23.54-69.40 46.47 9.27-70.40 39.84 14.86-61.90 38.38 37.6 42.9
AI203 4.74-27.30 16.02 7.60-23.10 15.35 9.00-27.80 18.4 11.78-31.10 21.44 5.89-35.80 20.85 6.30-25.16 15.73 12.20-30.02 21.11 14.3 17.91
Fe203 5.50-15.00 10.25 6.88-9.13 8.01 4.94-21.63 13.29 5.81-19.18 12.5 2.81-17.24 10.03 6.25-37.19 21.72 4.81-11.18 8 14.1 12.04
CaO 1.65-17.28 9.47 3.97-16.34 10.16 2.85-29.05 15.95 2.35-25.20 13.78 6.83-29.00 17.92 0.95-29.08 15.02 1.33-29.35 15.34 10.5 13.22
MgO 2.21-9.89 6.05 1.13-4.73 2.93 2.82-44.79 23.81 2.21-12.50 7.36 1.58-7.82 4.7 1.93-13.22 7.58 2.27-6.93 4.6 2.2 5.12
Na20 0.12-0.61 0.37 0.01-0.56 0.29 0.14-1.79 0.97 0.18-4.90 2.54 0.07-3.77 1.92 0.24-4.34 2.29 0.08-5.70 2.89 2.18 1.8
K20 0.21-0.73 0.47 0.22-1.01 0.62 0.06-1.66 0.86 0.02-2.57 1.3 0.10-1.29 0.7 0.07-1.19 0.63 0.31-1.30 0.81 1.08 0.79
TI02 0.29-0.66 0.48 0.29-0.58 0.44 0.38-1.07 0.73 0.53-1.12 0.83 0.36-0.93 0.65 0.24-0.72 0.48 0.19-1.09 0.64 0.55 0.58
P205 0.04-1.01 0.53 0.02-0.07 0.05 0.02-0.67 0.35 0.03-1.00 0.52 0.02-0.54 0.28 0.02-0.47 0.25 0.03-0.35 0.19 0.3 0.3
Ratio base to acid (=Fe203+Ca0+K20+Na20+Mg0/Si02+AI203+TI02) =0.54
TABLE 6.4 Chemical Analyses of Some Indonesian Coals
LOCATION/AREA Total
moisture
%
(as)
Inherent
moisture
%
(adb)
Volatile
matter
%
(adb)
Fixed
carbon
%
(adb)
Ash
%
(adb)
Sulphur
%
(adb)
Calorific
value
Kcal/Kg
(daf)
HGI
SUMATRA :
Meulaboh - 14.8 41 37.7 10.8 1.1 5835 -
Ombilin, Cerenti 11.0-41.5 4.0-14.5 34.0-38.0 34.0-51.0 4.1-7.1 4.0-7.1 4500-7217 40
Southern Peranap 44.6-49.3 10.0-22.0 53.0-60.0 39.0-44.5 4.0-35.0 0.3-1.6 5870-6725 37-62
Bukit Asam 25.0-33.5 2.0-33.5 32.5-45.3 40.8-51.0 3.7-8.1 0.5-8.1 5800-8050 62
Bengkulu, Bukit Sunur - - 40.9 59.1 8 - 6339 -
KALIMANTAN :
Kutei Basin - 4.0-13.0 37.0-42.0 42.0-54.0 1.0-8.0 0.1-10.1 5950-7650 38-51
Barite Basin - 4.0-22.1 36.2-47.9 32.7-47.4 1.5-28.2 0.1-5.4 4484-6982 36-55
Tarakan Basin - 11.7-17.8 33.9-43.4 41.3-45.7 1.5-10.7 0.3-9.9 5700-5876 48-52
Asem-Asem Basin 38.3 2.5-29.4 37.0-42.2 30.9-43.5 2.3-20.5 0.1-4.6 4344-6900 30-59
Malawi Basin - 3.1-12.6 34.5-43.7 38.3-53.2 1.3-16.8 0.2-1.7 5350-7845 -
JAVA:
Bojongmanik - - 37.5 37.7 13.9 1.1 4670 -
Brebes - - 34.6-39.7 36.7-41.2 5.7-22.4 0.6-1.3 4570-5590 -
SULAWESI :
Bone - - 25.3-44.5 30.2-60.0 3.0-25.6 0.5-10.6 5336-6000 -
IRIAN JAYA :
Salawati - - 38.2 39.7 4.91 0.73 5147 -
as = as-received 
adb = air-dry basis
daf = dry -ash free basis 
HGI = Hardgrove Grindability Index
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CHAPTER SEVEN 
COAL UTILISATION
7.1 INTRODUCTION
The chemical and physical characteristics of coal play an important role when assessing coal 
utilisation as the technological behaviour of coal is largely dependent on these properties.
The reactivity of a coal, when used in such processes as coal combustion, liquefaction and 
gasification, can be determined not only by its chemical properties but also by its petrographic 
properties. Therefore, both petrographic and chemical characteristics of a coal should be 
monitored when assessing the technological properties of coal.
This chapter will examine the potential utilisation of the Southern Peranap coals, especially 
the potential for coal combustion and gasification. Petrographic and chemical properties will 
be related to the technological behaviour of the coal. The chemical data evaluated will 
include proximate and ultimate analysis data; the petrographic data evaluated will include coal 
type and coal rank.
The ash yield of a coal is useful for evaluating slagging and fouling both of which affect the 
boiler efficiency when the coals are combusted.
7.2 COAL COMBUSTION
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In coal combustion, coal is burned to convert the chemical energy of the coal into thermal 
energy, after which the heat produced can be used to produce steam which is an efficient and 
effective energy source for machinery. In the coal combustion process, the carbon and 
hydrogen are oxidised to carbon dioxide and water respectively. Complete oxidation of coal 
is needed in a furnace in order to obtain optimum thermal energy.
Combustion of coal involves several process including heat-up, devolatilisation, vapour-phase 
oxidation of the volatile matter and solid residue (or char) burnout (Tsai, 1982; Speight, 1983; 
Smooth and Smith; 1985; Crelling et al., 1992). These processes are controlled by many 
factors such as coal particle size, the rate of oxygen diffusion to the reacting surface, the 
inherent chemical kinetics of the oxidation of the char, coal type and coal rank. The latter 
two can be determined from the petrographic data; the chemical kinetics of the char oxidation 
can be assessed from the chemical data.
Ignition temperatures of coal depend on coal rank and generally for brown coal, the range is 
from 150° to 300°C (390° to 570°F) and for anthracite ranges from 300° to 600°C (570° to 
1110°F) with some dependence on particle size being noted due to particle size significantly 
affecting the rate of combustion (Speight, 1983).
Based on particle size of the coal and/or the temperature of combustion, there are three types 
of coal combustion commonly used in direct combustion furnaces (Lowry, 1963; Elliot, 1981; 
Edgar, 1983; Merrick, 1984):
- pulverised coal combustion (using the smallest coal particle size and a heat radiation 
temperature >2900°F),
- fluidised bed combustion (medium-sized particles and low temperature of 1400°F to 
1700°F); and
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- fixed bed combustion (larger particles and temperature <2900°F) combustor.
During recent times, of these three methods, pulverised coal plants are the most widely-used 
plant types for electricity generation. Pulverised combustors also are used in Indonesia 
because the pulverised fuel combustor has the highest combustion efficiency and can accept 
a wider range of coal types and coal ranks as its feedstocks. In addition, pulverised-fuel firing 
for electricity plants produces high heat release rates and complete combustion, thus giving 
lower smoke emissions (Morrison, 1978; Speight, 1983; Tsai, 1982; Merrick, 1984). Southern 
Peranap coals are probably better suited for pulverised coal combustion than for other types 
of combustion although they have a tendency to release high smoke emissions, due to their 
high volatile content; these smoke emissions can be minimised by applying this combustion 
technique. The coals also contain abundant vitrinite which leads to rapid burnout.
For pulverised coal combustion plants, the feedstock coal has to be ground to a nominal 
particle size of -200 mesh (75 um). The fine particles are blown in suspension, with air, into 
the furnace and the coal is burned to produce combustion gases that are given off and directly 
heat the radiative superheater surfaces which then transfer the heat, by radiation, to the water- 
filled tubes which produce a high temperature steam.
Residence time is an important factor in the combustion of pulverised coals as it determines 
the combustion efficiency. The residence time must be long enough to allow complete 
reaction between the oxygen and the coal particles. Combustion efficiency is also affected 
by particle size and volatile content.
The ash content of a coal also influences the efficiency of coal combustion, either because of 
the deleterious effects, such as causing severe fouling and slagging (both of which reduce the
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efficiency of boiler) or because of the adverse environmental impact and potential health 
hazard.
7.2.1 Southern Peranap Coals as Combustion Feedstocks
Boiler combustion efficiency, heating value and ease of reaction during combustion can be 
evaluated from the chemical properties such as calorific value, volatile matter and moisture 
content; coal type and coal rank are also useful for assessing combustion potential of coals. 
Parameters, such as mineral matter and ash content influence boiler performance, particularly 
the transfer of heat through the walls of the combustor, and therefore the mineral content of 
a coal is an important consideration in any combustor evaluation.
The calorific value of coal determines the amount of steam that can be generated in a coal- 
fired boiler. Generally, coals with higher calorific values generate more steam per unit mass 
of coal. The calorific values for Southern Peranap coals have an average value ranging from 
3972 to 4882 Kcal/Kg (air dry basis) which is relatively high for such low rank coals. Based 
on the calorific value (Table 6.1), the coals of UQ and Q1 seams should generate more steam 
per unit mass of coal than coals from other seams in Southern Peranap area because the 
former have higher calorific values.
Volatile content is an indicator of coal ignitability and reactivity. It also influences the 
quantity and type of smoke given off during combustion. Boyd (1986) stated that coal with 
volatile contents below 25% (daf) should be categorised as low volatile coals. This type of 
coal contains less combustible gases and hence it is difficult to ignite. However, once ignited, 
this type of coal bums with short flames. These coals are more suitable for domestic heating 
(Boyd, 1986, Tsai, 1982). Coals also become harder to grind as the percentage of volatile
decreases.
187
The Southern Peranap coals have high volatile contents (typically >50%) and should permit 
reasonbably fast combustion and with long hot flames. High volatile coal are suitable for use 
in kilns and this is one potential use for Peranap coals. However, there are few disadvantages 
in that coals with a high volatile content, such as Southern Peranap coals, are usually 
associated with a greater propensity for spontaneous combustion during storage and have an 
ability to alter primary or secondary air requirements of the furnace; they also tend to release 
more smoke (Lowry, 1963; Tsai, 1982).
Low rank coals typically contain higher moisture contents than high rank coal. Moisture 
content is one parameter that reduces combustion efficiency, and usually lowers the flame 
temperature resulting in loss of heat to the flue gases. In pulverised coal combustion, high 
moisture coals produce sticky and clogging residues which affect the efficiency of the system; 
moisture also affects the grindability of coal.
Baker and Juniper (1982) stated that coal with a moisture content of more than 60% would 
reduce the boiler efficiency to below 70% whereas a higher rank coal that has a low moisture 
content would provide approximately 90% boiler efficiency. The low rank Southern Peranap 
coals, with air dried moisture contents ranging from 10% to 22%, average of 16%, (total 
moisture contents range from 44 to 51% (Table 6.1)) have the potential to reduce boiler 
efficiency to approximately 70% to 80% unless moisture is removed from the coal prior to 
combustion. The decreased boiler efficiency due to the influence of moisture would increase 
the tonnage or input of feedstock coal. Hence more coal would have to burned in order to 
achieve the same energy output for a plant with the same nominal efficiency.
High moisture content of coal also makes the coal difficult to ignite. To overcome this, the 
moisture has to be removed by drying before placement in the furnace. Low rank coals
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release moisture more slowly than higher rank coals during combustion. However, a high 
volatile content can compensate for a low rank coal by eliminating the effect of high moisture 
during combustion. Reactive vitrinite and liptinite macerals (Gronhovd et al., 1982; Speight, 
1983) may also compensate for high moisture. For Southern Peranap coals, the affect of slow 
ignition caused by the high moisture would be reduced by an increase in ignitability due to 
their high volatile contents and maceral composition. A high moisture content is generally 
associated with a high unit surface area for the coal.
According to Tsai (1982) and Merrick (1984), approximately 8.0% moisture is necessary for 
prevention of combustible loss from a chain-grate stoker. Moisture content, which is most 
critical where the fines are smaller than 0.5 mm diameter, also affects the handling 
characteristics of the coal. The high moisture content of low rank coals necessitates the use 
of hot primary air for drying the coal in mills prior to combustion. High surface moisture also 
causes problems in the coal feed system. For coal with moisture contents up to 30%, larger 
air heaters or more heat is needed to evaporate the excessive moisture from the coal.
The duration of combustion commonly increases with increasing rank of the coal (Lowry, 
1963; Sanyal, 1983). For high rank coal, a longer combustion residence time is required for 
effective burn-out and to prevent high residual carbon levels in the fly ash. For Southern 
Peranap coals, the duration of combustion should be shorter than for high rank coal. 
Individual seams (P2 to R seams) only have minor differences in rank as shown by the 
vitrinite reflectance values (typically 0.28% to 0.30%). Thus there are unlikely to be large 
differences in combustion rates, due to rank differences, for coals from the various seams.
The low HGI values for P2 and PI seams (<45 HGI units) should be taken into account in 
any evaluation of combustibility. The low HGI values for the two seams indicate that the
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seams are likely to produce coarser coal particles, and with their relatively high ash contents, 
this could increase the time required for complete burnout.
Combustion efficiency decreases with increasing vitrinite reflectance and correspondingly with 
decreasing oxygen content. The combustion efficiency is largely influenced by the char 
reactivity. A lower char reactivity results in greater elutriation of unbumt carbon.
Southern Peranap coals contain mostly vitrinite (average of 91%) with minor liptinite (7%). 
These macerals are very reactive during combustion. Nandi et a l (1977), Lee and Whaley 
(1983) and Sanyal (1983) observed the reactivity of macerals during combustion and noted 
that the proportion of unbumt carbon during combustion is largely related to the inertinite 
content of the coal. Where a coal has a high inertinite content, this produces a high 
proportion of unbumt carbon and this tends to give lower combustion efficiency. For 
Southern Peranap coals, the effects of inertinite on combustion are negligible because the 
content of inertinite in the coals is very small (typically <6%). In addition, inertinite in 
Southern Peranap coals consists mostly of sclerotinite and semifusinite which are also 
reasonably reactive macerals (Winnans and Crelling, 1992). According to Nandi et al.{\911) 
the burnout of inertinite depends on coal rank; inertinite in low rank coal has a smaller 
burnout time, at temperatures between 375°C to 450°C, than does the inertinite in higher rank 
where it is burned at temperatures up to 1000°C.
Hamilton (1981), Sanyal (1983), Hough and Sanyal (1987), Crelling et a l (1992), Bend et al 
(1992) and Cloke and Lester (1994) stated that vitrinite-rich coals, especially low rank coals, 
tend to form chars characterised by a tenui-network and thin-walled cenospheres; both chars 
have higher reactivity due to the greater char wall porosity and larger surface area (Fig.7.1). 
Inertinite-rich coal tends to form thick-walled cenospheres with relatively high unburnt carbon 
contents. The higher reactivity of the low-rank Southern Peranap coals should ensure faster
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combustion.
According to Gronhovd et al. (1982), low rank coals do not agglomerate as do many higher 
rank coals. Therefore the individual particle size can be larger, but at the same time, complete 
burnout of the larger particles is assured. However, the high reactivity of low rank coals can 
cause a problem due to a tendency for spontaneous combustion during transport or storage.
Coal ash generally contains two major types of oxides - acid oxides (Si02, A120 3, T i02) and 
base oxides (Fe20 3, CaO, MgO, N a ^ , K20). Table 7.1 summarises selected ash properties 
of Southern Peranap coals, including the acid and base oxides. The acid oxides in coal ash 
are generally considered to produce high melting temperature ash whereas the base oxides will 
produce lower melting temperature ashes, proportionally.
Huggins et a l , (1981) noted that the two most important parameters affecting ash fusion 
temperatures (AFTs) are the percentage of the base oxides and the ratio of silica to alumina. 
Ash fusion temperatures decrease with increasing silica:alumina ratios and also with increasing 
percentages of base oxides; minimum ash fusion temperatures are attained where the 
percentage of base oxides is approximately 30% to 40% (Singer, 1981). With respect to the 
Southern Peranap coals, the silica:alumina ratios (Table 7.1) decrease from the top seam (P2) 
to the bottom seam (R) but the converse holds for the base oxides (Table 7.1). Therefore the 
trend in ash fusion temperatures is an increase from the P2 seam to the R seam (Fig. 7.2).
Table 7.2 shows the ash fusion temperatures for the Southern Peranap coals and also includes 
the initial deformation temperatures (range from 1200°C to 1370°C), hemispherical 
temperatures (1240°C to 1440°C) and fluid temperatures (1270°C to 1460°C).
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Slagging and fouling are the two major problems associated with high temperature combustion 
processes. Slagging comprises fused materials or resolidified molten material that are 
deposited in the furnace or on the walls of the flame chamber. Fouling comprises deposits 
that are the result of vaporisation and recondensation processes away from the flame, mainly 
in the convection passages such as the superheater and reheater tubes. Ash fouling reduces 
the capacity of the boiler by decreasing the thermal efficiency by approximately 10 percent 
(Gronhovd et al., 1982). The roll-on effect is to reduce the boiler efficiency by as much as 
10 to 20 percent,
/Slagging and fouling behaviour of low rank coals is predominantly influenced by the 
proportion of mineral matter in the coal. At temperatures of 1500°C ± 200°C, all inorganic 
material is transformed to ash, largely as glassy material (Shibaoka et al., 1985).
The base:acid ratio is an indicator of the potential for ash-containing metal oxides in the ash 
to combine in the combustion process to produce low melting point salts with slagging 
potential. Singer (1981) noted that coal with a base oxideiacid oxide ratio in the 0.4 to 0.7 
range has low ash-fusibility and therefore a higher slagging potential. Southern Peranap coals 
have base oxide:acid oxide ratios (Table 7.1) ranging from 0.31 to 0.96 (average of 0.54); 
consequently, the coals have low ash-fusibility temperatures and may have a tendency to 
cause relatively severe slagging problems.
High silica (Si02) contents cause a number of problems. S i02, is very abrasive and this 
accelerates the erosion or wearing rates of coal feeding systems and furnace burners; high 
silica also promotes rapid deterioration of fabric filters. When combined with high sodium 
levels, high silica contents produce hard deposits (slagging and fouling) on boiler surfaces or 
heat transfer surfaces (Gronhovd et al., 1982).
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The rate of ash fouling for low rank coal has been found to be predominantly a function of 
the sodium level, with fouling increasing sharply as sodium content in the ash increases 
(Singer, 1981; Tsai, 1982; Speight, 1983). Most sodium compounds melt at temperatures 
below 900°C (1650°F). The volatile sodium is dispersed throughout the gas stream and 
condenses as sodium salts in the combustion residues on metal surfaces. The condensed 
sodium salts act as binding agents for other ash particles and absorb heat, causing the gas 
temperatures to be lower; the higher the sodium level, the more serious the fouling problems 
created.
According to Singer (1981), in his study coals with less than 3.0% sodium oxide in the ash 
were found to be have low fouling properties. Sodium oxide contents of the Southern Peranap 
coals range from 0.3% to 3.0% and, based on Singer’s determinations, these coals should have 
low fouling potential when combusted. UQ and LQ seams have the highest sodium oxide 
contents, 2.54% and 2.89%, respectively, and therefore have the highest potential for fouling 
combustion chambers. Figure 7.3 shows the potential for fouling by the Southern Peranap 
coals; there is a general increase from P2 (youngest coal) to R (oldest coal).
Some components of the ash are beneficial when coal is combusted in electricity generation 
plants. For example, high calcium and magnesium contents tend to reduce the effects of 
sodium fouling (Reid, 1981; Singer, 1981; Gronhovd et a l, 1982; Tsai, 1982; Lowry, 1963; 
Merrick, 1984).
The viscosity of coal-ash slag has been empirically correlated with silica ratios especially 
where the ratio ranges from 0.35 to 0.90 (Singer, 1981). Silica ratio is defined as S i02/(S i02 
+ Fe20 3 + CaO + MgO). As the silica ratio increases, the slag viscosity increases. Coals of 
Southern Peranap have silica ratios ranging from 0.42 to 0.73 (average of 0.59), with the
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lowest values in LP seam; the highest value is in PI seam, followed by P2, R and LQ seams 
(Table 7.1).
The estimation of slag viscosity from ash composition for Southern Peranap coals can be 
calculated using the method of Reid (1981). The slag viscosity at a temperature of 1425°C 
is obtained from the formula as follows:
log u = 0.05784*(SiO2) - 1.8452 
where log u = log viscosity in poises
Si02 is silica percentage where S i02 + Fe20 3 + CaO + MgO = 100.
The slag viscosity of the Southern Peranap coals at 1425°C ranges from 7.4 poise (log 0.87) 
to 524.8 poise (log 2.72), averaging 155 poise. The highest and lowest slag viscosities were 
calculated for PI and LP seams, respectively (Table 7.1).
The various minerals in coal ash have different melting temperatures. According to Watt 
(1969), clays minerals begin to dehydrate below 300°C, carbonate and sulphate evolve C02 
and S02, respectively, above 500°C, pyrite decomposes at 600°C and silica volatilises at 
temperature higher than 1600°C.
Coals which have low calorific values resulting from a high mineral content will also produce 
large quantities of fly ash.
The composition of fly ash largely depends on the combustion temperature, the residence time 
at high temperatures and the extent of the oxidising or reducing conditions of the 
environments of the ash particles. Fly ash composition also depends on the various mineral 
assemblages in the coal and also on the types of physical bonds between mineral assemblage 
and the organic matter. Thus fly ash composition is influenced both by the chemical
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composition and physical conditions in the furnace.
7.2.2 Environmental Considerations for Southern Peranap Coals
Atmospheric pollutants resulting from burning coal in electricity generation plants are 
generally nitrogen oxides, sulphur oxides and particulate matter.
7.2.2.1 Nitrogen Oxides
Nitrogen oxides are produced from both the oxidation of nitrogen compounds in coal (fuel 
NOx) and the fixation of atmospheric nitrogen at high temperatures (thermal NOx). The forms 
of nitrogen oxides are predominantly nitric oxide (NO) with lesser amounts of other nitrogen 
oxides such as nitrous oxide (N20) and nitrogen dioxide (N 02) which, together, usually 
constitute less than 5% of the total nitrogen oxide gases (Sarofim and Flagen, 1976).
The formation of thermal NOx is dependent on both combustion temperature and 
stoichiometry of the reactions and is usually insignificant at temperatures below 1800°K 
(982°C). According to Pohl et al. (1987), thermal NOx is formed at high activation energies. 
The rate of production was calculated to be about 10 ppm at 1400°C. The conversion level 
of nitrogen in coal to nitrogen oxide is higher where the temperatures increase; in this case 
the conversion proceeds rapidly at temperature above 1650°C. To control the amount of 
thermal NOx produced, the peak flame temperature should be kept below 1500° to 1550°C 
which is the temperature at which oxygen begins to react readily with stable N2. Also, 
limiting the oxygen supply, that is the excess air, available for the reaction reduces the NOx 
emissions (Barsin, 1979; Pohl et a i, 1987).
Fuel NOx is produced from the gas-phase oxidation of devolatilised coal nitrogen and from 
the heterogeneous combustion of nitrogen in char when in the pulverised coal flame. Two 
forms of fuel NOx are formed - that from volatile nitrogen and that from char nitrogen.
195
According to Pershing and Wendt (1977a, 1977b), fuel NOx is the main source of total 
nitrogen oxide emissions, contributing more than 75% of the total nitrogen oxide. Of this, 
the volatile nitrogen contributes approximately 60% to 80% of the total fuel NOx emissions. 
The conversion of fuel nitrogen to nitrogen oxides varies from 15% to 60%, with no obvious 
effect due to temperature. However, there is a general decrease in the formation of the oxide 
with increasing nitrogen content in the gaseous fuel.
Chen et al. (1983) noted that coal rank affects the evolution of volatile nitrogen, particularly 
the proportion of ammonia (NH3) and hydrogen cyanide (HCN) in fuel nitrogen. Total fixed 
nitrogen species (NH3 and HCN) generally increase with increasing fuel nitrogen and the 
species distribution is dependent on coal rank. In high rank coals, the percentage of HCN is 
greater than NH3, whereas for low rank coals, NH3 is the dominant species formed. Thus, the 
volatile nitrogen of Southern Peranap coals may contain more abundant amine than cyanide.
The formation of nitrogen oxides can be minimised by using low nitrogen coal, less excess 
air, low temperature burners and staged combustion. These methods have the potential to 
reduce the NOx emissions up to 80%. However, if the nitrogen oxides are formed, then the 
amount of these gases can be reduced by removing them from flue gas. The technique utilises 
either wet scrubbing of the flue gases with Na2S 0 3 as an adsorbent or the decomposition of 
nitrogen oxides with ammonia to form N2. These methods are much more expensive than the 
method for minimising NOx formation.
The effect of nitrogen oxides on animal and human populations is mainly related to 
pulmonary diseases which can lead to mortality. For vegetation, the affect is related to the 
reproduction and the growth and metabolism systems, such as a reduction in photosynthesis 
(National Academy of Sciences, 1977).
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Nitrogen oxide emissions from Southern Peranap coals
Estimation of nitrogen oxide emissions from Southern Peranap coals can be calculated using 
the methodology given by Wall (1986). Wall’s method for calculating NOx emissions is used 
to calculate the potential emissions from Southern Peranap coals. The conventions for the 
calculations of flue gas composition are given in Table 7.3 and data for calculations are the 
ultimate analysis data (Table 6.2). Wall’s method firstly calculates the volume of oxygen 
required to bum 100 kg of coal using the calculation of the stoichiometric (theoretical) volume 
of air based on the assumption that the 100 kg produces only C 02, H20  and S 0 2 when 
burned. From this, the amount of each gaseosu emission can be determined.
Thus substituting Southern Paranap coal parameters in the method as taken directly from
Wall’s paper, gives the following values:
Element Weight
(Kg)
Reactions 0 2 required 
(Kg)
0 2 required 
(Kmol)
C 69.57 c + o2 = >  co2 69.57*32/12 = 185.52 69.57*1/12 = 5.79
H 5.03 H20  + l/202 = = >  H20 5.03*16/2 = 40.24 5.03*1/4 = 1.26
N 0.95 not considered *)
S 0.54 s + o2 ===> so2 0.54*32/32 = 0.54 0.54*1/32 = 0.017
0 23.92 = -23.92 -23.92/32 = -0.75
Total = 202.38 = 6.33
* - approximately 30% of the nitrogen in coal reacts to forms nitrogen oxides; 
by convention, this not considered in the calculation
The theoretical air volume is calculated from the 0 2 required (theoretical kmol 0 2 
required) and the conventions in Table 7.3. 0 2 is assumed to occupy 22.4 m3 and the 
composition of air, by volume, is 21% 0 2 and 79% N2. The calculated theoretical air
volume (CTAV), in this case, is given by:
CTAV = 6.33(kmol 0 2)*22.4(m3/kmol 0 2)*100m3 air/21m3 0 2
= 675.2 m3 at STP
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The mass of air required to bum 100 kg of Southern Peranap coal (daf) is also assumed 
to be the theoretical mass of 0 2 (in kg) required. Therefore, the mass of air required is 
given by:
Mass = (kg 0 2 required/100kg daf coal)*( 100kg air/percent by weight of air)
= (202.38 kg O2/100 kg daf coal)*(100 kg air/23 kg 0 2)
= 8.80 kg air/kg daf coal
Thus, the theoretical air required to bum 100 kg of Southern Peranap coal that has an 
average moisture content of 16% and average ash content of 16.9%, is calculated from the 
following equation:
Air = (mass of air required) * (100 - sum of average percentage of ash and moisture in 
coal) [kg daf coal/100 kg daf coal]
For Southern Peranap coals the calculation is as follows:
Air = (8.80 kg air/kg daf coal) * (67.1 kg daf coal/100 kg coal)
= 5.9 kg air/kg coal
Calculation of the flue gas composition is obtained from the calculation of theoretical air, 
making the assumption that 100 kg coal of Southern Peranap is burned with 20% excess 
air. Thus the flue gas given off from Southern Peranap coal is:
Source Total (kmol)
5.80 
2.70
C 02 from C
H20 from H 1.26*2
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CO o from S 0.017
o2 20% of theoretical 6.33*0.2 1.27
n2 by convention in 22.66
the coal N is assigned here (0.95/28)+ 
plus that from the air (6.33*0.95*79/21)
Total = 32.27
If it is assumed there is 30% conversion of coal nitrogen to nitrogen oxides, the nitrogen 
oxides emissions from Southern Peranap coals can be calculated as follows:
Emissions = ((0.95/14 kmol nitrogen oxides)/32.27 kmol gas) * 0.30 
= 0.000630 mole fraction 
= 630 ppm or 261.2 ug/g.
In Australia and the USA, the ambient standard for the emission of nitrogen oxides from 
coal-fired electricity generating plants should not exceed 650 ppm (0.8 g/nm3) and 600 
ppm (0.74 g/nm3) respectively. The Word Health Organisation (WHO) recommendation 
is for an upper 1 hour concentration of 320 ug/g (Holdgate, 1979). Based on these 
figures, the nitrogen oxides emissions from Southern Peranap coals are environmentally 
safe because the emissions are well below the recommended levels as suggested by the 
WHO and most industrialised countries.
7.2.2.2 Sulphur Oxides
Sulphur oxides arise from oxidation of the sulphur contained in the coal. Most of the 
sulphur in coal is converted to sulphur dioxide (S 02) during combustion and is emitted 
with the combustion gases. Some of the sulphur is retained in the ash as sulphates, with 
the amount varying from 5% for high rank coal to 50% for low rank coal (Wibberley, 
1986; Allen, 1989). A small fraction of the sulphur is oxidised to sodium trioxide (S 0 3)
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which is then further converted to sulphuric acid (H2S 0 4).
In the atmosphere, sulphur dioxide is oxidised to sulphur trioxide (S 03) which then reacts 
with water particles in clouds to form sulphuric acid. Sulphuric acid may remain 
suspended as an aerosol or may react with other elements to form sulphates. Sulphuric 
acid combines with other acids, such as hydrochloric acid and nitric acid, to form acid rain 
which has a pH of less than 5.7. Acid rain destroys plants, aquatic ecosystems and affects 
human health.
The amount of sulphur dioxide emitted by the combustion of coal can be reduced using 
flue gas desulphurisation (FGD) techniques. The methods involve the removal of sulphur 
dioxide from flue gases by injecting adsorbent materials, such as limestone, into the 
furnace or by scrubbing the sulphur dioxide into adsorbent solutions. These techniques can 
remove up to 90% of sulphur oxides from the waste gases (Chester, 1986; Doutty, 1986; 
Allen, 1989)
Sulphur Oxide emissions from Southern Peranap coals
The sulphur content of Southern Peranap coals ranges from 0.26% to 1.82%, averaging 
0.54% (Table 6.1). These values can be used as input data in the calculation of the 
sulphur oxide emissions.
Estimation of sulphur oxide emissions from Southern Peranap coals can also be calculated 
using the same method as the calculation for nitrogen oxides (Wall, 1986).
The main chemical reactions for formation of sulphur in the combustion are as follows:
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s + o2 ====> so2
2S 02 + 0 2 ====> 2S 03
S 0 3 + H20  ====> H2S 0 4
The theoretical (stoichiometric) volume of air used in the combustion of the sulphur is 
determined from the total amount of oxygen used. This is obtained by summing the 
amount of oxygen needed for each element involved in the reaction. The theoretical 
volume of air needed for Southern Peranap coals is 5.9 kg air/kg coal. Calculation of the 
flue gas composition is obtained from the calculation of theoretical air, that is 32.27 kmol.
Assuming a 50% conversion of sulphur in the coal to sulphur oxides (the figure generally 
given for low rank coals), the emissions of sulphur oxide from Southern Peranap coals are: 
Emissions = (0.54/32 kmol S 0 2)/(32.27 kmol 0 2) * 0.50
= 0.0002614 mole fraction (equivalent to 261 ppm or 108 ug/m 3)
According to the WHO emission standards for sulphur dioxide, the short term or maximum 
24 hour concentration of S 0 2 should not exceed 250 ug/m3, whereas for the long term, 
the concentration should not to exceed 100 to 150 ug/m3 (Holdgate, 1979). Therefore, 
the sulphur dioxide emissions from burning Southern Peranap coals is well within the 
WHO accepted levels and thus the coals are environmentally safe if used principally for 
combustion.
7.2.2.3 Particulate Matter
Particulate matter is released as smoke. Smoke contains many poorly combusted materials, 
especially when pulverised coal is burned in boiler furnaces. Based on the particle size,
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the particulate matter is divided into two types (Bridgman, 1986):
- dust (>20 mm diameter; includes windblown dust, powder from pulverised coal, the 
coarse fractions and the larger size fly ash); and
- aerosols (<20 mm diameter; includes fine material and the minute fly ash which 
usually remains suspended in the atmosphere for long periods).
Fine-grained aerosols, especially where the particle size is less than 6 mm, are more 
harmful than the coarse-grained particles or dust. The coarse fraction can be removed by 
sedimentation and precipitation.
This, in essence, creates an unsightly nuisance problem to the people that live close to the 
sources of the emissions rather than a health problem. On the other hand, the fine 
particles (0.1 to 6 mm) if not removed from the atmosphere with rain, will remain 
airborne for several days and can be transported great distances, which may be 100 to 
1000 km, away from the sources (Norman, 1979).
Fine particulate matter may carry hydrocarbon residues and trace elements from the coal 
such as As, Cd, Cu, F, Ni and Ti. These trace elements have a toxic effect on human and 
animal body tissues, such as affecting the respiratory system (Dvorak, 1977). Some of the 
trace elements also have an adverse effect on the metabolic system of the terrestrial biota 
(Van Hook and Schults, 1977; Norman, 1979).
Particulate matter from Southern Peranap coals
Estimation of the concentration of dust from Southern Peranap coals is determined 
following the methodology given in Wall (1986). The assumption made in the following 
calculation is 100 kg of Southern Peranap coal (daf), with an average ash content of 16.9%
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(Table 6.1), bums to produce only H20 , C 0 2 and S 0 2. The calculated dust produced is 
obtained as follows:
Dust = (0.169 kg ash/kg coal) * (100 kg coal/67.1 kg daf coal)* (100 kg daf coal/
32.27 kmol gas) * (1 kmol gas/22.4 m3 gas)* (273/T)
= 9.5 kg ash/T m3.
where 0.169 kg ash/kg coal = the average ash content
67.1 kg daf coal = 100-sum of average percentage of ash and moisture in the 
coal
32.27 kmol gas = total flue gas composition
22.4 m3 gas = the total molecular weight of any ideal gas in kg (1 kmol)
In summary, burning 100 kg of Southern Peranap coal will form approximately 9.5 kg of 
coal ash or particulate matter.
7.3 GASIFICATION
Gasification of coal is a conversion process of coal to produce combustible gases; coal or 
char is reacted with an oxidising agent, under pressure, to produce fuel gases such as 
carbon monoxide (CO), hydrogen (H2) and methane (CH4).
Coal gasification involves the thermal decomposition of coal and the reactions of the 
carbon in the coal and other pyrolysis products with oxygen, water and hydrogen. In 
general, most gasification reactions are mainly directed at producing either synthetic gas 
(a mixture of CO (carbon monoxide) and H2 (hydrogen)), or synthetic natural gas (SNG) 
(consisting mostly of methane (CH4)). Gasification reactions take place at temperatures
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between 600°C and 1150°C; gasification of the coal usually proceeds at significant rates 
only at temperatures >815°C (1500°F). At temperatures below 600°C, devolatilisation and 
reaction with the water vapour take place simultaneously; however, at approximately 
900°C, reactions form C 0 2, CO, hydrogen and small quantities of methane (Van Heek et 
al., 1973; Berkowitz, 1979).
In general, the main chemical reactions in coal gasification can be represented and 
simplified as follows:
C + 0 2 =====> C 0 2 combustion
C + C 0 2 =====> 2C 02 Boudouard reaction
C + H20  =====> CO + H2 carbon-steam reaction 
CO + H20 =====> C 0 2 + H2 water gas shift reaction
At temperatures of less than 1150°C (2000°F) and at elevated pressure, hydrogen will also 
react with carbon to form methane as follows:
C + 2H2 =====> CH4 carbon hydrogenation
The gaseous products from coal gasification, based on heating value and gas composition, 
can be divided into three primary products (Ward, 1984):
1. Low calorific gas (LCV), which is generated by gasification of coal with air and steam; 
it has heating values ranging from 90 to 180 Btu/scf (scf=standard cubic foot); LCV gas 
commonly is diluted with nitrogen resulting in a lower heating value product and this 
makes it unattractive as a feedstock.
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2. Medium calorific gas (MCV), which is produced by gasification of coal with oxygen 
and steam; this gas contains mostly carbon monoxide and hydrogen and has a heating 
value ranging from 250 to 400 Btu/scf; MCV gas can be used as a synthesis gas for 
petrochemical manufacture; the calorific value can be further up-graded by applying 
additional processes to produce other types of synthetic fuels
3. High calorific gas (HCV) is synthetic natural gas (SNG) and is equivalent to methane; 
it has a heating value of 900 to 1000 Btu/scf.
Figure 7.4 shows the general process for producing a low or high calorific value gas from 
coal.
The gasification of coal consists of three stages, the devolatilisation, gasification and 
combustion stages. The first step is devolatilisation in which heating of the coal produces 
a low heating value gas and char. This stage terminates when all the volatile matter has 
evolved or when there is no further evolution of methane to the product gas.
The second stage is gasification where the hot char reacts in a deficit of air or pure 
oxygen, and frequently with steam, to produce a low heating value synthesis gas.
Gasification is followed by combustion where, according to Fung (1982), the 
commencement of the combustion process is defined as the time when the oxygen 
concentration exceeds 1% in the product gas.
Based on the gasifying reagents and the properties of the residue after reaction, there are
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four types of gasifier (Fig. 7.5) which are commonly used in the conversion of coals to gas 
(Hebden and Stroud, 1981):
* fixed bed gasifier - the particle size of the coal feed ranges from 6 to 50 mm, the 
residence time is 1 to 3 hours, the temperature at which the reaction takes place is 
1150° to 1300°K and the pressure is 1 to 20 atm;
* fluidised bed gasifier - the particle size of the coal feed is <3.0 mm, the residence 
time is <1.5 hr, the temperature range is 600° to 1470°K and the pressure 1 to 100 
atm;
* entrained-flow - the particle size of the coal feed is <0.12 mm, the residence is time 
<12 s, the temperature range is 1150° to 2500°K and the pressure 1 to 300 atm; and
* molten flow - the particle size of the coal feed is 0.12 mm or larger, the temperature 
range is 1700° to 2600°K and the pressure 2 to 360 atm.
Unlike direct coal combustion, gasification commonly takes place at elevated pressures and 
at lower temperatures with longer residence times and under more reducing conditions.
7.3.1 Evaluation of Southern Peranap coals for Gasification
The most important coal properties that influence the gasification process and design of 
the gasifiers are coal moisture, volatile content, fixed carbon content, particle size 
distribution, ash composition, reactivity, coal rank and coal type.
The moisture content of Southern Peranap coals is typically greater than 10% and this may 
cause slagging problems in the gasifiers, particularly where the moisture levels are 
sufficiently high enough to quench the reactions or cause difficulties in operations such as
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the molten slag and entrained flow gasifiers. An increase in moisture reduces the heat 
transferred during the gasification reactions and this leads to insufficient heat to vaporise 
the moisture in the incoming feed. The resultant drop in temperature, especially if below 
the required temperature for ash fusion, may cause shutting down of the unit due to the 
molten slag ceasing to flow. The non-slagging gasifier methods, which produce solid 
phase slag, may be suitable for Southern Peranap coals because this method, generally, 
does not encounter the slagging problems resulting from the high moisture coal.
The high moisture contents of low rank coals also increases the volumes of waste water 
that have to be treated. Waste water is derived from contaminants in the water required 
for the gasification process. The increase in contaminated water increases the cost of 
water treatment and also dilutes the gaseous products.
Particle size distribution is important for fluidised-bed and moving bed type gasifiers 
whereas the entrained flow gasifier, which uses pulverised coal, is less sensitive to 
variations in the distribution of particle sizes (Takematsu and Maude, 1991). A high 
proportion of fine particles causes an increase in the slurry viscosity and this requires 
greater pumping power to move the coal feed entering the gasifier system. Fine coal 
particles, with a high silica content, also create abrasion and erosion problems in the 
equipment. Some of the lower quality coals and carbonaceous shales from Southern 
Peranap contain high silica (range from 34% to 56%) would adversely affect the 
equipment.
The conversion rates of coal in the gasification process are largely dependant on the 
reactivity of the coal macerals and the coal char. Highly reactive coals with a high volatile
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content, such as the Southern Peranap coals, are likely to be good feedstocks for 
gasification.
The results of investigations into gasification of coal in air and C 0 2 shows that the 
reactivity of coal char increases with decreasing coal rank (Jenkins et al., 1973; Hippo and 
Walker, 1975; Beesting et al., 1977; Bend et aL, 1992).
The reactivity of coal char is also influenced by particle size and the presence of some 
types of mineral matter in coal. According to Hippo and Walker (1975), a decrease in 
particle size resulted in an increase in reactivity of coal in their gasification reactions. 
Their case study indicated that fines give a greater access for diffusion of carbon dioxide 
or air penetrating into the particles. Tsai (1982) stated that the increased reactivity of char 
obtained from low rank coal was attributed to higher porosity, a greater abundance of 
highly active sites and the calcium content.
Mineral matter in coals promotes the gasification of less reactive coals (Abdel-Baset et al., 
1978; Gronhovd et al., 1982; Takarada et al., 1992). Pyrite and minerals containing 
potassium, magnesium and calcium interact in ion exchange reactions as catalysts in the 
gasification reactions. Pyrite is the best catalyst in gasification using a hydrogen-steam 
atmosphere but in an oxidising atmosphere, the pyrite reduces the char reactivity. In an 
oxidising atmosphere, such as C 0 2 and air, potassium, magnesium and calcium act as 
active catalysts and increase the coal reactivity (Hippo and Walker, 1975; Takarada et al., 
1992). Most of the Southern Peranap coals have relatively high magnesium and calcium 
contents (MgO >5% and CaO >10%) and these should be advantageous in gasification 
reactions particularly in gasification with an oxidising atmosphere. The coal from R seam
208
has relatively more pyrite than the coal from the other seams and should therefore be the 
best coal for use in a reducing atmosphere.
The low rank of Southern Peranap coals indicates that these coals are highly reactive coals 
and the non-slagging process is preferable in order to achieve the maximum carbon 
conversions and throughputs. For highly reactive coals, equilibrium considerations favour 
low operating temperatures because the efficiency of the gasification process is dictated 
by the reactivity of the coal char (Tsai, 1982).
Van Heek et a l  (1973) reported the relationship between carbon conversion for coals, of 
various rank, and temperature (Fig 7.6). They demonstrated that to obtain the same 
conversion levels in gasification, the high rank coals require higher temperatures than low 
rank coals. This case is illustrated in Figure 7.6, where lignite reaches a 20% carbon 
conversion rate at a temperature of approximately 760°C, whereas anthracite, to achieve 
the same conversion level, has to be heated to a temperature of approximately 1000°C.
Based on the coal conversion figures for gasification reactions given by Van Heek et a l  
(1973), to achieve acceptable conversion rates for Southern Peranap coals, the temperature 
should be less than 800°C with the optimum temperature range between 500° and 600°C 
to produce a C 0 2 and H2 mixture and between 650° and 760°C to produce CO. Optimum 
temperature for the formation of CH4 gas is approximately 700° to 800°C (Fig. 7.7).
7.3 DISCUSSION AND SUMMARY
Coal rank, coal type and chemical properties are significant parameters that have to be
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considered when assessing the commercial properties of Southern Peranap coals, especially 
when assessing the potential utilisation of the coals for combustion and gasification.
Southern Peranap coals are of brown coal rank and should be good feedstocks for 
gasification and combustion. However, for optimum use in both processes, some 
modification in equipment design and pretreatment of the coals are needed because of the 
relatively high moisture and ash contents.
Compared to high rank coals, a major disadvantages of the low rank coals from the 
Southern Peranap area, when used for electricity generation, is their low calorific values. 
In order to produce similar energy outputs as higher rank coals, the tonnages of coal 
feedstock will have to be increased. To accommodate these tonnages, the equipment will 
have to be modified. More and larger mills for pulverisation and larger furnaces for 
combustion will be required.
The high sodium content of Southern Peranap coals may result in severe fouling and 
slagging and this will reduce boiler efficiency. For instance, rapid ash deposition may 
force frequent shutdowns for cleaning and this will lead to a decrease in the efficiency and 
on-stream availability of the furnaces.
Nitrogen oxides and sulphur dioxide are the most important sources of pollutants that 
adversely affect the environment, people, flora and fauna, particularly where the 
concentrations of both pollutants exceed the permissible emission standards. Burning 
Southern Peranap coals in electricity generating stations will be environmentally acceptable 
as the concentrations of nitrogen oxides and sulphur dioxides released will be
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approximately 630 ppm (261.2 mg/m3) and 260 ppm (108mg/m3) respectively. These 
values do not exceed ambient standards for the emissions of these gases (nitrogen oxides 
650 ppm and sulphur dioxide 500 ppm) as recommended by World Health Organisation 
and other industrial countries.
Davis et a l  (1976) and Cudmore (1977) reported that the coals which have the highest 
conversion rates for coal to liquid and gas have the following properties:
- a mean vitrinite reflectance of less than 0.80%
- contain greater than 60% vitrinite and/or liptinite
- have more than 35% volatile matter
- have hydrogen to carbon ratios (dry ash free basis) greater than 0.75.
The Southern Peranap coals should be suitable for coal conversion as they have a high 
proportion of reactive macerals (vitrinite plus liptinite contents generally range between 
90% to 96%) and the vitrinite reflectance typically ranges between 0.28% to 0.30%. The 
volatile content is greater than 35% and the H/C ratios are greater than 0.75.
According to Fung (1982), low rank coals generate more product gas than higher rank 
coals. Smooth and Smith (1985) noted that in coal conversion, there is a significant 
difference between the coals of subbituminous rank and coals of brown coal rank; 
subbituminous coal produce much more liquid/tar products, whereas the brown coals 
generate more gaseous products (including H20).
Southern Peranap coals can be used as a catalyst for the higher rank coal in gasification
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reactions. Mixing coals from Southern Peranap with higher rank coal will increase the 
char reactivity of higher rank coals. Takarada et al. (1992) studied the catalytic effect of 
brown coal and showed that low rank coals can enhance the char reactivity of high rank 
coal when added to the latter. The highest char reactivity was obtained when potassium- 
rich brown coal was added to the higher rank coals.
The efficiency of the gasification reaction is mainly influenced by the char reactivity, 
where char reactivity is largely dependent on coal rank. Lower rank coals produce a more 
reactive char than higher rank coals and as the coals of Southern Peranap are of low rank, 
they should be suitable feedstocks for coal gasification. Alternatively, they could be used 
as a catalytic additive to higher rank coals.
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CHAR CHARACTERISTICS
TENUI-NETWORK 
Hollow, multi-chamber char 
Isotropic optical feature 
High char wall porosity 
High surface area
CENOSPHERE (Thin walled) 
Hollow, single-chamber char 
Isotropic optical texture 
High char wall porosity 
High surface area
CENOSPHERE (Thick walled) 
Hollow, single-chamber char 
Anisotropic optical texture 
High char wall porosity 
Intermediate - high surface area
CENOSPHERE (Thick walled) 
Hollow, single-chamber char 
Anisotropic optical texture 
Low char wall porosity 
Lowsurface area
ANTHRACITIC 
Solid, dense particle 
Isotropic opucal texture 
Very low - no visible porosity 
Very low surface area
COAL RANK
brown coal
high vol. bituminous
semi-anthracite
med. vol. bituminous
anthracite
FIGURE 7.1. COAL RANK AND CHAR CHARACTERISTICS (After BEND et al. , 1992)
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FIGURE 7.4 FLOW DIAGRAM OF GASIFICATION PROCESS FOR PRODUCING LOW- OR HIGH- 
CALORIFIC VALUE GAS (SINGER, 1981)
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Temperature. °C
a= brown coal
b= sub-bituminous coal
c= high volatile bituminous coal
d= medium volatile bituminous coal
e= anthracite
7.6 RATE OF COAL CONVERSION AS A FUNCTION OF TEMPERATURE 
IN GASIFICATION PROCESS FOR COALS OF VARIOUS RANK 
(VAN HEEK, et al., 1973)
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FIGURE 7.7 GAS FORMATION AS FUNCTION OF TEMPERATURE FOR BROWN 
COAL AND POSSIBLY FOR SOUTHERN PERANAP COAL 
(from VAN HEEK et al., 1973)
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TABLE 7.1 ASH PROPERTIES FROM THE SOUTHERN PERANAP COAL
Parameter
P2 PI LP UQ Q2/Q2B Q1 IQ R
1 X
total
Si02Al̂O-i
Fe2°3CaO
46.69 56.31 38.23 34.15 46.47 39.84 38.38 37.6 42.78
16.02 15.35 18.40 21.44 20.85 15.73 2 1 . 1 1 14.3 17.83
10.25 8.01 13.29 12.50 10.03 21.72 8 . 0 0 14.1 12.08
9.47 10.16 15.95 13.78 17.92 15.02 15.34 10.5 13.17
MgO 6.05 2.93 23.81 7.36 4.70 7.58 4.60 2 . 2 5.06
Na20
K9O
Ti02
p2°5
0.37 0.29 0.97 2.54 1.92 2.29 2.89 2.18 1.78
0.47 0.62 0 . 8 6 1.30 0.70 0.63 0.81 1.08 0.80
0.48 0.44 0.73 0.83 0.65 0.48 0.64 0.55 0.58
0.53 0.05 0.35 0.52 0.28 0.25 0.19 0.99 0.40
Sil ica/Alumina 2.9 3.7 2.1 1 . 6 2 . 2 2.5 1 . 8 2 . 6 2.4
Base 29.63 23.37 48.89 39.9 34.16 45.73 34.47 36.43 34.96Acid 70.37 76.63 51.11 60.1 65.84 54.27 65.53 63.57 65.04Base/Acid 0.42 0.31 0.96 0 . 6 6 0.52 0.84 0.53 0.57 0.54Si02 Ratio 0.64 0.73 0.42 0.50 0.59 0.47 0.58 0.58 0.59Si02 74.24 78.91 46.96 66.38 67.36 55.69 72.07 73.2 69.69Ash viscosity 2.45 2.72 0.87 1.99 2.05 1.38 2.32 2.39 2.19
note: *
Acid = SiC>2 + AI2O3 + TiC>2
Base = FejÔ  + CaO + MgO + Na20 + K2O
Si02 ratio = SiC>2/(Si02 + + CaO + MgO)
Si02; Si02 + Fe203 + CaO + MgO = 100
Ash viscosity = Log viscosity of ash at 1425°C; 
Log viscosity = (0.057784)*(Si02) - 1.8452
219
TABLE 7.2 ASH FUSION TEMPERATURE FOR SOUTHERN PERANAP COALS
COAL SEAM
REDUCING ATMOSPHEREy °C
INITIAL HEMISPERICAL
FLUID
rr E ,KTDI7D Ä T T  TDt?
DEFORMATION TEMPERATURE
P2 1 2 0 0 1240 1270
PI 1370 1440 1460
LP 1230 1310 1340
UQ 1270 1335 1360
Q2 1280 1320 1340
Ql 1250 1300 1320
L 0 1310 1350 1380
R — — _
Source: Directorate of Coal
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TABLE 7.3 Data for estimation of pollutants (Wall, 1986)
C H 0 N S H20 CO C02 S02 CH4
Atomic and 
molecular 12 1 16 14 32 18 28 44 64 16
weights
Principal Composition of air
reactions by volume by weight
c + 0 2 — co2 2 1% 02 23% 02
h2 + 1/20* — HzO 79% N2 77% N2
s + o2 — so2
Gas molar volume The molecular weight of any ideal gas in
kg (1 kmol) occupies 22.4 m3 at 101.3 kN/m3 
(atmospheric pressure) and temperature 273°K 
For example: 32 kg 02 occupies 22.4 m3
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CHAPTER 8
SUMMARY AND CONCLUSIONS
Economic coal deposits in the Southern Peranap Coalfield are located stratigraphically in 
the Korinci Formation of the Central Sumatra Basin which developed in the western 
Indonesian tectonic region as a back-arc, continental margin basin. The coal measures 
sequences of the Korinci Formation was deposited during the Late Miocene to Pliocene 
in environments ranging from fluvial to deltaic.
The cumulative thickness of the coal seams of the Korinci Formation, designated as (from 
youngest to oldest) the P2, PI, Lower P (LP), Upper Q (UQ), Q2, Q l, Lower Q (Q) and 
R seams, range from 15 to 26 metres. Of these, R seam is thought to be of little economic 
value because it is the deepest and also appears to be of lower quality compared to the 
shallower seams.
Indonesia’s coal deposits are largely located in Sumatra with approximately 70% of the 
total Indonesia resources on this island. Of these, approximately 11% of the coal resources 
is located in West and Central Sumatra with the largest deposit located in South Sumatra 
(52% of the total resources). Indonesia’s coal resources are dominantly of brown coal rank 
and have low ash and low sulphur contents, relatively low calorific values and high 
moisture contents.
Indonesia’s coal production and consumption have grown significantly since the
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government changed the energy policy so as to use more coal for the domestic energy 
needs, especially in electricity generation plants, cement plants and others industries. Also, 
in the last five years, the tonnage of coal exports increased dramatically and now outstrip 
domestic consumption. However, in the next decade and probably by the year 2000, this 
trend for an increase in exports is most likely to decrease significantly due to an expected 
dramatic increase in coal-fired generation capacity and other industries which use coal- 
based energy sources. Indonesia’s coal production is predicted to increase to 50 million 
tonnes by 2000. The share of coal for electricity generation is expected to increase to 
between 28 million (low estimate) to 42 million (high estimate) tonnes annually by the 
year 2000.
The objective of this study was to evaluate the coal quality of the Southern Peranap coals 
as related to petrographic and chemical properties in order to provide a useful data set 
which can be used to assess the technological behaviour of the Southern Peranap coals as 
a solid fuel. The organic petrographic data presented in this thesis are the first such data 
for the Southern Peranap coals.
Petrographic data was obtained for 95 full seam coal samples collected from twenty three 
exploration borehole cores. The samples were prepared as polished block following the 
Australian Standard 2061. Organic petrographic data for the samples were obtained using 
white light and fluorescence mode microscopy. The maceral composition was determined 
by point counting methods, with an average of 500 points per sample. The mean vitrinite 
reflectance (R0 max) was measured for ulminite macerals.
The chemical analyses evaluated in this thesis were provided by companies who had
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contracted the Directorate of Coal Laboratory in Tanjung Enim, South Sumatra to 
undertake the analyses. These data included proximate and ultimate analyses, and 
Hardgrove Grindability Index data.
Two problems confronted in this thesis relates to the samples and chemical data supplied 
by the companies. The author had no control over the size of the samples supplied. The 
samples that were supplied were only large enough to petrographic blocks but were not 
large enough to permit additional testing of chemical properties. Thus it had to be 
assumed that the samples were representative and that all chemical analyses pertained to 
the samples supplied. Notwithstanding this, the results obtained will make a significant 
contribution to the understanding of Southern Peranap coals.
8.1 CONCLUSIONS
This study has provided a better understanding of the properties of the Southern Peranap 
Mio-Pliocene coals. These data were used to predict the behaviour and potential utilisation 
of the coals. Specific conclusions are as follows:
1. Petrographically, vitrinite is the dominant maceral in Southern Peranap coals. Average 
vitrinite content of the Southern Peranap coals is 91%. Vitrinite comprises mostly 
telovitrinite (range of 32% to 60%, average of 43%) and detrovitrinite (range of 25% to 
49%, average of 40%) with minor gelovitrinite. Texto-ulminite is the dominant 
telovitrinite maceral whereas densinite is the dominant detrovitrinite maceral. There is no 
significant differences in coal composition between the seams.
Liptinite is common in Southern Peranap coals ranging from 2.4% to 13% with an average
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of 7%. Liptodetrinite and resinite are the dominant macerals in all samples. The minor 
liptinite constituents comprise cutinite, suberinite, sporinite and rare exsudatinite and 
fluorinite.
Inertinite content of Southern Peranap coals is generally low ranging from 0.2% to 4.5% 
with an average of 2.0%. The dominant inertinite macerals are semifusinite and 
sclerotinite, with minor fusinite and inertodetrinite.
The maceral compositions of Southern Peranap coals are similar to those of many other 
Indonesian Tertiary coals which are also vitrinite-rich but with variable liptinite contents. 
The Southern Peranap coals are of brown coal rank with average vitrinite reflectance 
(R0max) values generally ranging from 0.28% to 0.30%; a few values are as high as 
0.41%. The rank of Southern Peranap coals is typically lower than that for most other 
Indonesian Paleogene coals.
Mineral content of the coals is typically low to moderately high, generally ranging from 
1.0% to 21.0% with an average of 7.0%. The mineral matter consist predominantly of 
clay minerals with minor pyrite and rare carbonate minerals. Clay minerals commonly 
occur as pods or infillings in cell lumen in the well-preserved tissues of macerals.
2. Based on the petrographic properties, the Southern Peranap coals, which are of Mio- 
Pliocene age, can be classified into three groups as follows:
i. coals that have relatively well-preserved tissue, high ash and volatile contents and 
medium calorific values;
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ii. moderately gelified coals with low ash contents, relatively high liptinite and calorific 
values;
hi. highly gelified coals with moderately high ash, high volatile contents and low calorific 
values.
The model for the origin of the Southern Peranap coals, which have relatively high ash 
contents compared to other Tertiary Indonesian coals, is that of coals derived from 
ombrogeneous peat mires in the tropical rainforest. The peat mires developed on the 
margin of a raised bog environment on a fluvial floodplain. The increase in sulphur 
contents from the youngest to oldest seams indicate the Southern Peranap coals developed 
in a low moor peat environment with a brackish water or a marine influence on the raised 
swamp during the peat formation.
The vitrinite-rich coals of Southern Peranap were largely derived from ombriotrophic peat 
mires where precursor plants were typically dominated by woody species characteristic of 
a tropical rainforest that developed in a humid tropical climate without significant dry 
season.
3. The coals are hydrogen-rich coals with an average of 5% hydrogen and H/C ratios 
greater than 0.75. Carbon and oxygen contents range from 69% to 71% and from 22% 
to 25% respectively. Sulphur and nitrogen are typically low, comprising less than 1.0%. 
Sulphur is mostly in form of organic sulphur (typically >60% of the total sulphur). There 
is a tendency for sulphur contents to increase from the youngest seam (P2) to the oldest 
seam (R), corresponding to an increase in the percentage of pyritic sulphur.
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The Southern Peranap coals contain high proportions of volatile matter, averaging 55%. 
Thus the coals will ignite easily and give higher flame temperatures, resulting in faster 
burnout of coal residues. However, the high volatile coals from Southern Peranap are 
likely to release a high proportion of smoke during combustion. The coals also have a 
greater propensity for spontaneous combustion during mining, transport or storage.
Moisture content of Southern Peranap coals ranges from 10% to 22% (average of 16%). 
These moisture contents will tend to retard ignition and fast burnout. In addition, it may 
cause clogging material in pulverised coal equipment and reduce boiler efficiency by up 
to 15%. Therefore, the moisture from the coal should be removed before the coal is 
placed in the combustion chamber.
Ash content of Southern Peranap coals ranges from 0.1% to 35%, averaging 16.9%. Silica 
(S i02) and alumina (A120 3) are the dominant constituents of the ash. The sodium (Na20 ) 
contents of the ash increase from the youngest to the oldest seam.
The Hardgrove Grindability Index (HGI) ranges from 43 to 58 HGI units. P2 and PI coals 
are the hardest coals with the HGI typically less than 45. Both seams also have high ash 
contents (average of 27% and 14% respectively).
Comparison of the petrographic characteristics and chemical properties of the Southern 
Peranap coals show a number of relationships. The increase in coal rank is reflected in 
the increase in vitrinite reflectance and correspondingly, an increase in the calorific values 
and carbon contents, and a decrease in oxygen contents.
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Because the Southern Peranap coals are of low rank, high vitrinite contents and have high 
volatile matter but low sulphur, the coals are suitable for use in combustion and 
gasification processes. The coals have a high proportion of reactive macerals resulting in 
high reactivity for the coal char and faster burnout. The coals will produce a high yield 
of synthetic gas and therefore, Southern Peranap coals are suitable for gasification and 
combustion.
Southern Peranap coals are better suited for pulverised coal-fired combustors than for other 
types of combustion although they have relatively high moisture and low heating value 
compared to other coals of higher rank. High moisture coals require larger mills for 
comminution, larger combustion furnaces and large hot primary air blowers. High 
moisture contents also lower the flame temperatures.
Burning Southern Peranap coals in electricity generation plants is environmentally safe to 
the human population, the aquatic ecosystem, flora and fauna. Predicted ash emissions 
when Southern Peranap coals are burned is 9.5 kg ash per 100 kg of coal. The nitrogen 
oxides and sulphur dioxides emission are approximately 630 ppm or 261.2 Ug/m3 and 261 
ppm or 108 lig/m3 respectively. These values are below the ambient standard as 
recommended by the Word Health Organisation who recommend that the 1 hour 
concentration of nitrogen oxides emissions should not exceed 320 Ug/m3 and concentration 
sulphur dioxides emissions is about 150 Ug/m3 for long therm.
8.2 FUTURE W ORK
This study is a significant study as it is the first of its type for the Southern Peranap coals. 
Consequently it makes a significant contribution to the study of Central Sumatra Mio- 
Pliocene coals generally. In the near future, the use of coal as domestic energy sources 
will still play an important role in Indonesia.
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The coals of the Southern Peranap area, Central Sumatra, will fulfil some of the energy 
needs of Indonesia. However, further studies on the Southern Peranap coals will be 
required. For instance, combustion tests or coal conversion tests are needed, preferably 
using bulk samples. In addition, due to the significant variation in ash contents in the 
Southern Peranap coals, further study of the coals will be needed. These studies should 
concentrate on ply samples and channel samples in order to better understand the vertical 
spatial variation in the seams. The high ash properties may require selective mining to 
obtain the better quality coals at minimum cost. In addition, further detailed study is 
needed on ply samples and on a greater range of samples, in conjunction sedimentological 
studies of the interseam sedimentary rocks, to better understand the environments of 
deposition and facies changes and relationships.
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Text. T-ulm Eu uim Telo Att. Dens.Phlo Corp Pori Egel
SIC 01 24906 P2 2.4 40.9 5.1 0.2 8.9 27.5 1.2 1.2 1.9 0.0
SIC 01 24907 P1 0.9 38.5 6.7 0.4 3.9 34.8 1.3 0.6 2.9 0.0
SK 01 24908 LP 0.9 42.9 6.7 0.0 5.4 30.7 11 2.5 2.2 0.0
SK 01 24909 UO 0.8 22.3 15.3 4.6 1.7 35.1 1.7 4.5 3.7 0.0
SK 01 24910 Q2 7.2 13.8 8.7 5.6 4.2 38.5 0.0 2.7 4.9 0.0
SK 01 24911 LG 1.9 31.9 2.8 0.0 4.4 44.7 0.7 1.0 1.3 0.0
SK 02 24912 P1 0.0 37.0 5.0 0.0 12.3 36.3 0.3 1.5 1.2 0.0
SK 02 24913 LP 1.1 37.1 5.4 0.0 3 3 39.9 0.2 1.1 1.7 0.0
SK 02 24914 LP 2.8 22.7 10.5 4.5 1.7 37.9 0.0 3.0 4.3 0.0
SK 02 24915 UG 2.7 35.4 6.5 0.8 5.1 32.9 0.8 3.4 1.8 0.4
SK 02 24916 Q2 0.2 33.1 4.1 0.2 9.2 37.3 1.5 1.1 2.4 0.0
SK 02 24917 Q1 1.1 43.8 4.2 0.2 2.7 37.3 0 7 1.0 1.0 0.0
SK 02 24918 LQ 0.0 40.7 3.0 0.0 1.2 43.2 0.5 3.1 1.3 0.0
SK 03 24919 LP 0.2 40.5 3.3 0.2 4.2 35.2 0.5 2.5 1.8 0.0
SK 03 24920 Q1 0.9 35.9 1.3 0.2 3.4 41.8 0.4 4.7 1.6 0.0
SK 03 24921 UQ 1.6 40.8 1.4 0.0 4 1 36.8 13 3.8 2.3 0.0
SK 03 24922 Q1 0.4 34.0 2.6 0.0 6.5 38.9 0.6 3.5 2.2 0.2
SK 03 24923 R 1.2 39.1 1.5 0.4 9 8 33.4 0.0 4.6 0.8 0.4
SK 04 24924 P1 0.6 49.6 3.8 0.2 32 29.8 06 2.8 0.8 0.0
SK 04 24925 LP 0.8 46.0 2.9 0.2 4.0 32.3 0.2 4.4 2.3 0.2
SK 04 24926 UO 0.7 43.5 3.0 0.0 3.0 33.2 0 2 2.8 2.1 0.0
SK 04 24927 Q2 0.5 55.7 4.3 0.0 30 22.5 0.5 3.2 2.7 0.0
SK 06 24928 P1 0.5 44.3 5.7 0.4 4 0 32.3 0.4 4.9 0.4 0.0
SK 06 24929 LP 1.0 43.4 2.2 0.4 2.0 34.5 0 8 3.5 2.6 0.0
SK 06 24930 UQ 1.0 49.0 3.3 0.8 2.3 29.3 0.2 3.4 1.3 0.0
SK 06 24931 Q2 1.7 46.8 6.6 0.9 2.5 28.3 0.4 3.1 1.1 0.0
SK 06 24932 Q2 0.7 47.6 6.9 0.4 4 1 26.2 0.8 2.4 3.2 0.2
SK 06 24933 Q1 1.6 35.9 9.1 1.1 23 37.7 0.2 1.9 1.6 0.6
SK 06 24934 LQ 0.9 39.2 0.9 0.0 4 7 38.4 0.9 3.0 1.1 0.2
SK 08 24935 P2 0.0 30.8 3.1 0.0 98 37.3 1.4 3.2 3.2 0.0
SK 08 24936 P1 1.6 35.6 3.4 0.2 4 5 41.1 0.7 3.4 1.9 0.0
SK 08 24937 LP 1.8 42.7 3.5 0.0 27 36.7 0 2 3.3 1.6 0.2
SK 08 24938 UO 1.2 42.3 3.5 0.2 25 37.2 0.2 3.4 0.6 0.0
SK 08 24939 UQ 1.4 30.9 1.0 0.0 122 29.8 0.6 5.8 4.4 0.2
SK 08 24940 Q2 1.7 37.5 4.7 0.2 5 9 33.9 0.6 3.8 1.2 0.0
SK 08 24941 Q1 0.4 45.9 2.2 0.0 3.4 34.5 1.0 2.6 0.8 0.2
SK 08 24942 LQ 0.8 37.6 1.6 0.6 4.1 38.5 1.4 4.5 1.4 0.0
# = data are excluded from assessing the maceral compositions of coal
File: APPX1.WK3
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89.3
90.0
92.4
89.7
85.6
88.7
93.6
89.8
87.4
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90.4
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92.5
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89.5 
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90.5
LIPTINITE TOTAL INERTINITE TOTAL
L I P T . _________________________ INERT
Spor. Cut. Res. Lipt. Alg. Sub Flue Exsu. Bit. Fus. SF. Sel. jner. Mie. Mac. MM
0.5 0.9 0.9 5.6 0.0 0.3 0.0 0.3 0.0 8.5 0.3 0.5 0.5 0.9 0.0 0.0 2.2 16.4
0.8 1.3 0.6 5.0 0.0 0.0 0.4 0.2 0.0 8.3 0.4 0.2 0.3 0.8 0.0 0.0 1.7 3.4
0.0 0.9 0.4 3.6 0.0 0.0 0.7 0.0 0.0 5.6 0.8 0.5 0.2 0.5 0.0 0.0 2.0 7.4
0.0 0.0 0.4 8.5 0.0 0.0 0.2 0.0 0.0 9.1 0.2 0.4 0.4 0.2 0.0 0.0 1.2 3.2
0.5 1.2 1.2 9.5 0.0 0.0 0.2 0.2 0.0 12.8 0.9 0.2 0.0 0.5 0.0 0.0 1.6 10.6
0.4 1.5 1.1 5.8 0.0 0.2 0.4 0.2 0.0 9.6 0.2 0.2 0.4 0.9 0.0 0.0 1.7 6.6
0.6 1.0 0.0 4.2 0.0 0.0 0.0 0.0 0.0 5.8 0.0 0.0 0.3 0.3 0.0 0.0 0.6 3.0 #
0.2 0.9 0.2 5.1 0.0 0.9 0.7 0.2 0.0 8.2 0.2 0.7 0.4 0.7 0.0 0.0 2.0 7.8
0.4 0.4 1.9 8.4 0.0 0.0 0.0 0.2 0.0 11.3 0.4 0.4 0.5 0.0 0.0 0.0 1.3 6.6
0.2 0.7 1.1 6.2 0.0 0.2 0.2 0.2 0.0 8.8 0.4 0.2 0.2 0.6 0.0 0.0 1.4 2.2
0.4 0.9 0.5 5.8 0.0 0.2 0.9 0.0 0.0 8.7 0.9 0.4 0.5 0.4 0.0 0.0 2.2 8.0
0.4 0.0 0.8 3.8 0.0 0.2 0.5 0.0 0.0 5.7 1.0 0.5 0.4 0.4 0.0 0.0 2.3 2.6
0.0 1.1 0.5 4.0 0.0 0.0 0.2 0.2 0.0 6.0 0.0 0.6 0.4 0.0 0.0 0.0 1.0 6.6
0.5 1.4 0.6 5.7 0.0 0.6 0.0 0.0 0.0 8.8 0.9 0.6 0.7 0.6 0.0 0.0 2.8 13.3
0.2 0.4 1.6 3.1 0.0 0.6 0.4 0.0 0.0 6.3 1.5 0.6 0.6 0.8 0.0 0.0 3.5 2.2
0.4 0.7 1.9 2.0 0.0 0.7 0.2 0.2 0.0 6.1 1.2 0.4 0.0 0.2 0.0 0.0 1.8 7.2
0.2 1.1 2.0 2.6 0.0 0.5 0.2 0.0 0.0 6.6 1.6 1.2 0.5 1.2 0.0 0.0 4.5 4.1
0.8 1.3 2.1 1.9 0.0 0.8 0.4 0.0 0.0 7.3 1.3 0.4 0.4 0.4 0.0 0.0 2.5 48.1 #
0.6 1.5 0.9 2.9 0.0 0.6 0.2 0.0 0.0 6.7 0.6 0.4 0.9 0.0 0.0 0.0 1.9 5.2
0.2 0.2 1.1 2.5 0.0 0.2 0.2 0.2 0.0 4.6 0.8 0.0 1.1 0.2 0.0 0.0 2.1 2.9
0.7 0.5 2.1 4.5 0.0 0.5 0.2 0.2 0.0 8.7 0.7 1.1 0.5 0.5 0.0 0.0 2.8 13.0
0.7 0.7 1.4 3.3 0.0 0.2 0.0 0.0 0.0 6.3 0.5 0.2 0.2 0.4 0.0 0.0 1.3 12.1
0.2 0.9 1.0 2.9 0.0 0.4 0.2 0.0 0.0 5.6 0.4 0.0 0.8 0.3 0.0 0.0 1.5 7.1
0.4 1.2 2.0 2.9 0.0 0.9 0.6 0.0 0.0 8.0 0.7 0.0 0.2 0.7 0.0 0.0 1.6 3.3
0.8 0.4 2.3 3.1 0.0 0.3 0.3 0.0 0.0 7.2 1.4 0.3 0.4 0.3 0.0 0.0 2.4 2.5 #
0.4 0.4 1.8 2.8 0.0 0.4 0.2 0.0 0.0 6.0 1.3 0.9 0.2 0.2 0.0 0.0 2.6 7.2
0.4 0.8 0.9 3.1 0.0 0.2 0.2 0.2 0.0 5.8 0.7 0.2 0.8 0.0 0.0 0.0 1.7 4.8
0.4 0.8 1.5 3.0 0.0 0.6 0.5 0.0 0.0 6.8 0.4 0.2 0.2 0.4 0.0 0.0 1.2 2.4
0.9 0.7 2.4 3.1 0.0 1.1 0.3 0.0 0.0 8.5 0.7 0.4 0.7 0.4 0.0 0.0 2.2 8.0
1.4 2.1 1.4 2.8 0.0 0.7 0.0 0.0 0.0 8.4 0.0 0.0 2.8 0.0 0.0 0.0 2.8 71.4 #
0.4 1.1 2.5 1.6 0.0 0.9 0.7 0.0 0.0 7.2 0.2 0.0 0.2 0.0 0.0 0.0 0.4 6.4
0.2 0.4 2.5 1.4 0.0 0.4 0.4 0.0 0.0 5.3 1.0 0.6 0.2 0.2 0.0 0.0 2.0 1.5
0.2 1.0 2.1 1.9 0.0 0.8 0.2 0.0 0.0 6.2 1.0 0.4 0.4 0.9 0.0 0.0 2.7 3.6
1.2 1.6 1.8 5.7 0.0 0.5 0.2 0.2 0.0 11.2 0.8 0.6 0.8 0.3 0.0 0.0 2.5 9.3
0.6 0.6 2.7 3.6 0.0 0.4 0.8 0.2 0.0 8.9 0.2 0.2 0.4 0.8 0.0 0.0 1.6 1.4
0.8 0.7 2.5 2.3 0.0 0.8 0.2 0.0 0.0 7.3 0.4 0.2 0.9 0.2 0.0 0.0 1.7 1.8
1.2 0.6 2.8 2.2 0.0 1.4 0.2 0.0 0.0 8.4 0.2 0.0 0.5 0.4 0.0 0.0 1.1 3.2
APPENDIX 1. MACERAI. ANALYSIS (CONTINUED)
BH G M  COAL TELOVITRINITE DETROVITI GELOVITRINITE TOTAL 
NUMBEF NUMBER SEAM ___________________________________________________ VIT.
Text. T-ulm Eu-ulrn Telo A lt" Dens Phlo Corp Pori Egei
SK 14 24943 P1 0.6 39.2 19 00 5 2 40.2 0 6 5.7 1.5 0.0 94.9
SK 14 24944 LP 2.0 31.5 2.8 0.4 21 5 25.1 0.9 3.5 1.3 0.0 89.0
SK 14 24945 UQ 1.7 29.5 3.9 0.4 4 8 44.1 0.8 3.8 2.6 0.0 91.6
SK 14 24946 Q2B 1.2 28.1 5.0 0.4 7 3 36.8 1.0 6.5 2.2 0.0 88.5
SK 05 24947 UQ 0.2 37.1 2.7 0.0 3 8 41.4 0.4 5.4 1.2 0.0 92.2
SK 07 24948 P1 1.1 31.6 3.3 0.0 7.7 40.3 0.0 2.5 1.5 0.0 88.0
SK 07 24949 LP 0.8 38.8 0.4 0.0 6 6 37.7 0.8 4.2 3.2 0.0 92.5
SK 13 24950 LP 1.5 46.0 2.1 0.0 4 1 31.4 0.2 5.8 3.1 0.0 94.2
SK 13 24951 UQ 0.7 38.0 1.6 0.0 4 8 36.1 0.4 5.3 5.1 0.0 92.0
SK 13 24952 Q2B 1.2 45.5 6.8 0.7 5 1 27.1 0.7 4.1 1.5 0.0 92.7
SK 13 24953 Q2 1.1 48.5 2.3 0.2 1.4 35.7 0.4 2.7 0.8 0.0 93.1
SK 13 24954 LQ 0.7 40.6 4.2 0.0 5.3 34.3 0.2 3.6 2.3 0.0 91.2
SK 13 24955 LQ 2.5 47.3 2.7 0.0 4 2 20.7 0.8 7.9 6.1 0.0 92.2
SK 12 24956 UQ 0.7 27.3 0.9 0.0 4.0 44.7 1.1 9.0 4.4 0.2 92.3
SK 12 24957 Q2B 1.5 34.7 1.0 0.0 10.4 32.0 0.0 9.8 6.0 0.0 95.4
SK 12 24958 Q2 1.5 37.5 0.7 0.0 7.9 31.8 0.0 8.9 5.2 0.0 93.5
SK 12 24959 Q1 0.8 47.4 3.3 0.2 1 0 30.2 0.4 10.0 2.0 0.0 95.3
SK 12 24960 LQ 0.8 45.9 1.3 0.2 3 7 31.4 0.4 4.8 3.9 0.0 92.4
SK 14 24961 Q2 0.8 40.0 3.2 0.0 4.4 30.2 0.6 10.8 5.0 0.0 95.0
SK 14 24962 Q1 2.5 33.9 1.6 0.0 5 6 32.8 1.2 8.2 5.8 0.0 91.6
SK 14 24963 LQ 1.2 32.6 1.4 0.0 3.1 36.5 0.2 9.2 4.0 0.4 88.6
SK 10 24964 Q1 0.8 36.4 1.7 0.0 1.8 37.3 0.2 8.1 2.9 0.2 89.4
SK 10 24965 Q1 1.7 45.4 6 9 0.0 1.1 26.3 0.2 11.9 2.5 0.4 96.4
SK 10 24966 R 0.4 43.9 3.3 0.2 1.5 30.4 0.0 7.7 2.7 0.2 90.3
SK 10 24967 Q2 1.9 37.3 2.6 0.0 4 3 36.7 0.4 10.6 2.1 0.0 95.9
SK 10 24968 LQ 0.9 35.4 1.1 0.0 2.1 43.6 0.4 6.0 3.2 0.2 92.9
SK 10 24969 UQ 4.7 37.4 2.7 0.0 7.8 24.4 0.0 8.6 6.2 0.6 92.4
SK 09 24970 UQ 2.1 45.5 2.1 0.0 3 5 28.8 0.4 9.0 3.7 0.0 95.1
SK 09 24971 Q1 0.4 38.5 2.6 0.4 5 9 37.8 1.0 4.3 1.6 0.0 92.5
SK 09 24972 LQ 0.4 31.4 0.6 0.0 1.5 47.7 0.4 7.9 4.1 0.0 94.0
SK 09 24974 R 0.4 39.9 5.5 0.2 6.1 36.5 0.7 2.0 0.7 0.4 92.4
SK 11 24975 LQ 1.2 41.5 1.6 0.0 4 3 36.2 0.0 4.0 2.5 0.0 91.3
SK 11 24976 R 0.7 34.8 4.6 0.5 6 9 35.8 0.7 4.5 1.9 0.5 90.9
SK 15 24977 LP 2.2 28.6 6.2 0.4 4.4 43.5 1.7 0.4 1.7 0.0 89.1
SK 15 24978 Q1 1.7 28.9 5.6 0.8 2.7 40.6 2.9 0.4 1.1 0.0 84.7
SK 16 24979 P2 0.9 38.5 3.5 1.1 1.8 38.6 3.5 0.2 1.3 0.0 89.4
SK 16 24980 Q2 1.5 38.0 4.8 0.2 2.1 37.2 1.7 2.3 1.2 0.0 89.0
SK 16 24981 LQ 0.9 45.8 5.7 0.0 2 8 32.6 0.8 1.3 1.5 0.0 91.4
# a data are excluded from assessing the macérai compositions of coal
LIPTINITE TOTAL INERTINITE TOTAL
LIPT. _____  INERT
Spor. Cut" Res. Lipt. Alg. Sub. Fluo. Exsu. Bit. Fus. SF. Scl. iner. Mic. Mac. M.M
0.3 1.2 1.2 1.2 0.0 0.6 0.3 0.0 0.0 4.8 0.3 0.0 0.0 0.0 0.0 0.0 0.3 33.1 #
1.0 1.5 2.4 2.4 0.0 1.0 0.2 0.0 0.0 8.5 1.5 0.4 0.4 0.2 0.0 0.0 2.5 9.5
0.4 0.4 2.7 2.0 0.0 0.2 0.2 0.0 0.0 5.9 1.3 0.2 0.6 0.4 0.0 0.0 2.5 2.7
0.9 0.4 2.0 4.1 0.0 0.4 0.2 0.2 0.0 8.2 2.1 0.6 0.2 0.4 0.0 0.0 3.3 2.4
0.4 0.2 2.1 1.7 0.0 0.6 0.3 0.2 0.0 5.5 0.7 0.8 0.2 0.6 0.0 0.0 2.3 3.0
0.7 1.1 5.3 1.9 0.0 0.4 0.2 0.2 0.0 9.8 0.2 1.2 0.4 0.4 0.0 0.0 2.2 8.6
0.8 0.8 2.6 1.2 0.0 0.8 0.0 0.0 0.0 6.2 0.2 0.5 0.6 0.0 0.0 0.0 1.3 3.0
0.2 0.8 1.3 0.4 0.0 0.2 0.6 0.2 0.0 3.7 0.6 0.5 0.4 0.6 0.0 0.0 2.1 3.6
0.5 0.2 3.7 1.2 0.0 0.5 0.5 0.2 0.0 6.8 0.0 0.8 0.2 0.2 0.0 0.0 1.2 10.9
0.3 0.7 2.3 1.2 0.0 0.3 0.5 0.0 0.0 5.3 0.7 0.3 0.3 0.7 0.0 0.0 2.0 20.6
0 4 0.6 2.1 1.5 0.0 0.2 0.4 0.0 0.0 5.2 0.9 0.4 0.2 0.2 0.0 0.0 1.7 3.4
0.0 0.4 3.8 2.5 0.0 0.7 0.0 0.0 0.0 7.4 0.5 0.5 0.2 0.2 0.0 0.0 1.4 9.8
0.3 0.8 2.3 0.8 0.0 1.7 0.8 0.3 0.0 7.0 0.0 0.3 0.5 0.0 0.0 0.0 0.8 28.4 #
0.2 0.7 1.8 2.0 0.0 0.4 0.2 0.0 0.0 5.3 0.2 1.1 0.4 0.7 0.0 0.0 2.4 8.6
0.5 0.5 1.2 0.3 0.0 0.3 0.0 0.0 0.0 2.8 0.3 0.9 0.3 0.3 0.0 0.0 1.8 21.0
0.3 0.5 3.0 0.7 0.0 0.3 0.5 0.0 0.0 5.3 0.5 0.3 0.2 0.2 0.0 0.0 1.2 19.4 #
0.2 0.2 1.0 1.0 0.0 1.5 0.2 0.0 0.0 4.1 0.0 0.2 0.4 0.0 0.0 0.0 0.6 1.4
0.2 0.6 1.5 1.4 0.0 0.4 0.4 0.0 0.0 4.5 0.6 1.3 0.8 0.4 0.0 0.0 3.1 3.0
0.6 0.2 0.9 0.4 0.0 0.4 0.2 0.2 0.0 2.9 0.4 0.7 0.6 0.4 0.0 0.0 2.1 4.9
0.0 0.0 3.9 1.2 0.0 1.2 0.0 0.0 0.0 6.3 1.3 0.4 0.2 0.2 0.0 0.0 2.1 4.5
0.7 0.5 3.6 2.0 0.0 1.0 0.6 0.2 0.0 8.6 0.0 1.6 0.8 0.4 0.0 0.0 2.8 8.0
0.6 0.6 4.5 1.7 0.0 1.5 0.4 0.2 0.0 9.5 0.2 0.5 0.4 0.0 0.0 0.0 1.1 4.4
0.2 0.4 1.4 0.6 0.0 0.0 0.2 0.0 0.0 2.8 0.0 0.2 0.4 0.2 0.0 0.0 0.8 5.0
0.4 0.6 2.9 2.2 0.0 0.4 0.2 0.2 0.0 6.9 0.4 1.2 0.6 0.6 0.0 0.0 2.8 3.4
0.2 0.2 0.5 0.9 0.0 0.0 0.4 0.2 0.0 2.4 0.2 0.9 0.4 0.2 0.0 0.0 1.7 6.6
0.0 1.1 2.1 1.1 0.0 0.4 0.0 0.0 0.0 4.7 0.2 1.4 0.2 0.6 0.0 0.0 2.4 6.4
0.4 0.8 1.1 1.3 0.0 0.2 0.0 0.4 0.0 4.2 0.2 1.6 0.8 0.8 0.0 0.0 3.4 2.6
0.4 0.2 0.9 1.6 0.0 0.4 0.2 0.0 0.0 3.7 0.0 0.6 0.2 0.4 0.0 0.0 1.2 2.6
0.8 0.4 2.7 1.4 0.0 0.6 0.0 0.6 0.0 6.5 0.0 0.4 0.6 0.0 0.0 0.0 1.0 1.2
0 .Ü 0.4 3.0 1.0 0.0 0.8 0.0 0.0 0.0 5.2 0.0 0.2 0.6 0.0 0.0 0.0 0.8 3.2
0.2 0.7 3.5 0.7 0.0 0.7 0.0 0.2 0.0 6.0 0.2 0.4 0.6 0.4 0.0 0.0 1.6 10.8
0.2 0.8 3.5 1.4 0.0 0.8 0.0 0.2 0.0 6.9 0.8 0.6 0.0 0.4 0.0 0.0 1.8 1.6
0.7 0.5 4.4 0.9 0.0 0.9 0.0 0.7 0.0 8.1 0.2 0.2 0.4 0.2 0.0 0.0 1.0 18.2
0.5 1.1 0.2 8.0 0.0 0.2 0.0 0.0 0.0 10.0 0.0 0.2 0.3 0.4 0.0 0.0 0.9 9.8
0.2 0.4 1.3 10.5 0.0 0.0 0.2 0.2 0.0 12.8 0.2 0.4 0.4 1.5 0.0 0.0 2.5 4.4
0.2 0.7 0.2 7.0 0.0 0.2 0.5 0.0 0.0 8.8 0.4 0.2 0.3 0.9 0.0 0.0 1.8 9.0
0.0 0.7 1.7 5.7 0.0 0.4 0.0 0.0 0.0 8.5 0.6 0.4 0.4 1.1 0.0 0.0 2.5 4.2
0.2 1.1 0.2 4.2 0.0 0.4 0.2 0.0 0.0 6.3 0.0 1.1 0.4 0.8 0.0 0.0 2.3 4.6
APPENDIX 1. MACERAI. ANALYSIS (CONTINUED)
BH GM  COAL TELOVITRINITE DETROVITf GELOVITRINITE TOTAL
NUMBER NUMBER S E A M ___________  _____  VIT.
Text. T-ulm Eu-ulm Telo Att. Dens Phlo Corp Pori Egei
SK 17 24982 LP 1.1 43.2 4.4 0.2 15 36.7 0 6 1.3 1.3 0.2 90.5
SK 20 24983 LQ 1.1 37.1 5.6 0.0 2.1 37.0 08 2.7 1.7 0.2 88.3
SK 21 24984 LP 1.0 42.5 4.5 0.0 3.1 30.9 2.6 0.6 2.2 0.0 87.4
SK 21 24985 Q2B 2.1 39.3 7.8 1.0 1.2 35.3 1.1 0.7 2.3 0.0 90.8
SK 22 24986 Q1 0.7 41.3 6.3 0.2 4 9 28.5 0.9 0.4 2.8 0.4 86.4
SK 22 24987 LQ 1.3 47.4 10.2 0.2 18 26.0 0 5 2.0 1.2 0.4 91.0
SK 23 24990 LQ 1.2 43.6 5.1 0.6 3 0 33.0 0.4 3.6 1.4 0.2 92.1
SK 15 24991 UQ 1.5 32.9 0.6 0.0 2.5 41.1 0.6 6.1 3.4 0.0 88.7
SK 15 24992 Q2 0.2 39.1 0.7 0.0 3 4 39.0 0.2 8.2 1.6 0.2 92.6
SK 15 24993 Q1 0.6 37.2 0 6 0.0 4 6 40.2 0.4 6.1 3.9 0.0 93.6
SK 15 24994 LQ 0.6 37.3 0 2 0.0 2.7 42.0 0.2 6.1 1.7 0.0 90.8
SK 23 24995 P1 1.1 33.8 0.9 0.0 4 8 41.0 0 7 7.3 1.8 0.0 91.4
SK 23 24996 LP 1.1 358 1.1 0.0 13.8 31.0 0 9 4.1 1.6 0.0 89.4
SK 23 24997 UQ 0.8 28.6 2.4 0.0 7.5 36.9 1.2 8.2 1.6 0.0 87.2
DN 15 24998 P2 0.7 40.8 0.2 0.0 3.6 36.5 0.0 9.7 4.9 0.0 96.4
DN 15 24999 P1 0.8 41.1 0.8 0.0 4.1 37.5 0.4 8.3 1.6 0.0 94.6
DN 15 25000 LP 1.2 44.4 0.4 0.0 2.0 33.1 0.4 9.2 1.8 0.2 92.7
DN 15 25001 UQ 2.1 29.3 10 0.0 3 7 42.4 0.2 12.1 1.9 0.0 92.7
DN 15 25002 Q2 0.2 34.6 08 0.0 2.7 39.5 0.4 12.8 3.0 0.0 94.0
DN 15 25003 Q1 1.0 34.2 0.2 0.0 2.4 42.4 0.4 9.5 3.6 0.0 93.7
___ ____  ___ ___ ___ — — — — — — --------- — — —
# = data are excluded from assessing the niaceral compositions of coal
Text. = textimte 
T-ulm = texto-u Immite 
Eu-ulm. = Eu-ulmmite 
Telo. = telovitrinite 
Att = attrinite 
Dens. = densinite 
Phlo. = phlobaphinite
Corp = corpogelinite 
Pori. = porigellnite 
Egei. - Eu-gelinite 
Spor - sporinite 
Cut. = culinite 
Res. -  resinite 
Upt. = liptodetrinlte
Alg -  alginite 
Sito = subennite 
Fluo = fluorinite 
Exsu. = exsudatinite 
tilt = bitumen 
Fus =fusin!te 
SF. = semifusinite
Sci. = sclerotmlte 
Intr. = mertodetnnite 
Mie. = micrinrte 
Mac = macrinite
File : appxl ,wk3
LIPTINITE
Spor. Cut Res Lipt. Alg Sub. Fluo Exsu Bit.
TOTAL INERTINITE TOTAL
_ L IP T .______________________________ INERT
Fus. SF. Sci Iner. Mie. Mac. M.M
0.0 0.5 0.6 4.5 0.0 0.2 0.5 0.0 0.0
0.8 1.2 0.6 5.0 0.0 0.4 0.4 0.0 0.0
02 0.6 1.5 5.8 0.0 0.0 0.4 0.4 0.0
2.0 0.4 o.e 4.4 0.0 0.6 0.2 0.0 0.0
0.2 0.6 2.1 5.9 0.0 0.6 0.2 0.4 0.0
0.4 0.4 0.8 4.7 0.0 0.3 0.2 0.0 0.0
0 2 0.4 2.1 1.3 0.0 1.3 0.6 0.0 0.0
0.2 0.8 2.8 2.3 0.0 0.6 0.2 0.2 0.0
0.4 0.5 '3.0 1.8 0.0 0.5 0.2 0.0 0.0
0.4 0.4 1.7 1.0 0.0 0.8 0.2 0.2 0.0
0.4 0.4 4.8 1.8 0.0 0.6 0.2 0.2 0.0
0.0 0.4 3.8 1.2 0.0 0.6 0.4 0.2 0.0
0.2 0.7 4.9 2.7 0.0 0.7 0.0 0.0 0.0
0.2 0.4 4.9 2.6 0.0 0.6 0.2 0.2 0.0
0.2 0.5 1.6 0.9 0.0 0.0 0.2 0.0 0.0
0 2 0.2 1.9 0.8 0.0 0.2 0.0 0.6 0.0
0.2 0.2 3.2 0.9 0.0 0.6 0.0 0.6 0.0
0.4 0.8 1.0 1.0 0.0 0.6 0.0 0.2 0.0
0.2 0.6 2.4 1.2 0.0 0.2 0.2 0.0 0.0
0 2 0.2 2.0 1.8 0.0 0.4 0.2 0.0 0.0
6.3 0.4 1.1 0.6 1.1 0.0 0.0 3.2 5.0
8.6 1.7 0.6 0.4 0.4 0.0 0.0 3.1 2.8
8.9 ! .0 0.8 0.4 1.5 0.0 0.0 3.7 3.0
8.4 0.6 0.2 0.0 0.0 0.0 0.0 0.8 2.2
9.9 0.6 0.9 0.8 1.4 0.0 0.0 3.7 4.1
6.8 0.5 0.5 0.2 1.0 0.0 0.0 2.2 4.6
5.9 0.2 1.0 0.4 0.4 0.0 0.0 2.0 1.0
7.1 0.0 2.8 0.6 0.8 0.0 0.0 4.2 4.6
6.4 0.0 0.2 0.4 0.4 0.0 0.0 1.0 12.6
4.7 0.0 0.9 0.6 0.2 0.0 0.0 1.7 3.6
8.4 0.0 0.4 0.2 0.2 0.0 0.0 0.8 5.0
6.6 0.0 1.0 0.6 0.4 0.0 0.0 2.0 11.0
9.2 0.2 0.7 0.5 0.0 0.0 0.0 1.4 11.6
9.1 0.8 1.5 0.8 0.6 0.0 0 0 3.7 1.8
3.4 0.0 0.0 0.0 0.2 0.0 0.0 0.2 11.2
3.9 0.0 0.6 0.3 0.6 0.0 0.0 1.5 3.0
5.7 0.0 0.8 0.4 0.4 0.0 0.0 1.6 1.3
4.0 0.2 2.2 0.2 0.7 0.0 00 3.3 4.2
4.8 0.0 0.4 0.4 0.4 0.0 0.0 1.2 10.4
4.8 0.0 0.5 0.6 0.4 0.0 0.0 1.5 1.0
APPENDIX 2
SUMMARY OF VITRINITE REFLECTANCE AND MACERAI COMPOSITION
VITRINITE REFLECTANCE SUMMARY VITRINITE SUB-MACERAL TOTAL
BH.NUM GM.NUM SEAM DEPTH MEAN MAX RANGE STD N TELOVIT DETRVIT GELOVIT VIT LIPT .INERT.
(M)
_  _
(M) % %
_ _ , .
(%) (%) (%) (%) (%) (%)
SK.01 24906 P2 25.40-28 40 0.27 0.23-0.38 0.04 50 48.6 36.4 4.3 89.3 8.5 2.2
SK.08 24935 P2 14.90-20.90 0.28 0.22-0.38 0.04 50 33.9 47.1 7.8 88.8 8.4 2.8
SK.16 24979 P2 92.30-93.40 0.29 0.24-0.34 0.03 50 44.0 40.4 5.0 89.4 8.8 1.8
DN.15 24998 P2 8.30- 9.15 0.28 0.23-0.34 0.03 50 41.7 40.1 14.6 96.4 3.4 0.2
SK.01 24907 PI 38.40-28.40 0.30 0.25-0.39 0.03 50 46.5 38.7 4.8 90.0 8.3 1.7
SK.02 24912 P1 47.90-49.80 0.31 0.24-0.39 0.04 50 42.0 48.6 3.0 93.6 5.8 0.6
SK.04 24924 P1 51.35-51.50 0.28 0.23-0.37 0.03 50 54.2 33.0 4.2 91.4 6.7 1.9
SK.06 24928 P1 52.50-53.50 0.27 0.23-0.33 0.03 50 50.9 36.3 5.7 92.9 5.6 1.5
SK.08 24936 P1 14.90-20.90 0.29 0.23-0.36 0.03 50 40.8 45.6 6.0 92.4 7.2 0.4
SK.14 24943 PI 22.10-22.90 0.27 0.23-0.37 0.03 50 41.7 45.4 7.8 94.9 4.8 0.3
SK.07 24948 P1 80.50-81.70 0.26 0.23-0.35 0.03 50 36.0 48.0 4.0 88.0 9.8 2.2
SK.23 24995 P1 53.20-55.80 0.31 0.24-0.39 0.03 50 35.8 45.3 9.8 91.4 6.6 2.0
DN.15 24999 P1 12.60-15.40 0.27 0.23-0.37 0.03 50 42.7 41.6 10.3 94.6 3.9 1.5
SK.01 24908 LP 51.20-52.40 0.27 0.23-0.34 0.03 50 50.5 36.1 5.8 92.4 5.6 2.0
SK.02 24913 LP 54.20-57.80 0.28 0.25-0.37 0.03 50 43.6 43.2 3.0 89.8 8.2 2.0
SK.02 24914 LP 58.60-61.70 0.28 0.23-0.37 0.03 50 40.5 39.6 7.3 87.4 11.3 1.3
SK.03 24919 LP 56.20-62.10 0.26 0.22-0.39 0.03 50 44.2 39.4 4.8 88.4 8.8 2.8
SK.04 24925 LP 53.30-59.50 0.29 0.24-0.37 0.02 50 49.9 36.3 7.1 93.3 4.6 2.1
SK.06 24929 T.P 69.00-75.10 0.28 0.23-0.36 0.03 50 47.0 36.5 6.9 90.4 8.0 1.6
SK.08 24937 CP 26.40-29.30 0.27 0.23-0.34 0.03 50 48.0 39.4 5.3 92.7 5.3 2.0
SK.14 24944 LP 25.30-30.70 0.27 0.23-0.33 0.03 50 36.7 46.6 5.7 89.0 8.5 2.5
SK.07 24949 LP 95.70-100.7 0.27 0.22-0.31 0.02 50 40.0 44.3 8.2 92.5 6.2 1.3
SK.13 24950 LP 15.80-17.75 0.28 0.23-0.31 0.02 50 49.6 35.5 9.1 94.2 3.7 2.1
SK.15 24977 LP 37.50-38.55 0.28 0.24-0.38 0.03 50 37.5 47.8 3.8 89.1 10.0 0.9
SK.17 24982 LP 157.9-160.9 0.31 0.25-0.39 0.03 50 58.9 28.2 3.4 90.5 6.3 3.2
SK.21 24984 LP 44.60-48.85 0.30 0.23-0.37 0.03 50 48.0 34.0 5.4 87.4 8.9 3.7
SKL23 24996 LP 63.60-64.80 0.26 0.22-0.31 0.02 50 38.0 44.8 6.6 89.4 9.2 1.4
DN.15 25000 LP 25.55-26.70 0.30 0.23-0.37 0.03 50 46.0 35.1 11.6 92.7 5.7 1.6
SK.01 24909 UQ 66.40-67.95 0.28 0.23-0.35 0.03 50 43.0 36.3 9.9 89.7 9.0 1.3
SK.02 24915 UQ 69.40-73.80 0.31 0.25-0.38 0.03 50 45.4 38.0 6.4 89.8 8.8 1.4
SK.03 24921 UQ 73.50-76.90 0.28 0.22-0.33 0.03 50 43.8 40.9 7.4 92.1 6.1 1.8
SK.04 24926 UQ 74.20-83.30 0.29 0.24-0.36 0.03 50 47.2 36.2 5.1 88.5 8.7 2.8
SK.06 24930 UQ 84.40-88.50 0.29 0.24-0.36 0.03 50 53.9 30.6 5.9 90.4 7.2 2.4
SK.08 24938 UQ 45.20-47.50 0.28 0.23-0.39 0.03 50 47.2 39.7 4.2 91.1 6.2 2.7
SK.08 24939 UQ 47.70-47.90 0.29 0.23-0.34 0.03 50 33.3 42.0 11.0 86.3 11.2 2.5
— ___ ---------  ---------- — - — — — -------- - _ — - -
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VI TRINIT E REFLECT!ANC E SUMMARY VI TRIM IT E SUB- M ACER/',l TOTAL
APPENDIX 2. SUMMARY OF VITRINITE REFLECTANCE AI-JO.............(CONTINUED)
BH.NUM GM.NUM SEAM DEPTH MEAN MAX RANGE STD N TELOVIT DETRVI T GELOVI1 VIT. LIPT .INERT.
(M)
_ __ u ^
(M) % %
_______________ (%) 1%) (%)
(%) (%) (%)
SK.14 24945 UQ 44.30-46.80 0.29 0.23-0.39 004 50 35.5 48.9 7.2 91.6 5.9 2.5
SK.05 24947 UQ 90.60-95 15 0.29 0.22-0.35 0.03 50 40.0 45.2 7.0 92.2 5.5 2.3
SK.13 24951 UQ 30.55-31 00 0.27 0.23-0.33 0.02 50 40.3 40.9 10.8 92.0 6.8 1.2
SK.12 24956 UQ 9.40-11.15 0.29 0.23-0.37 0.03 50 28.9 48.7 14.7 92.3 5.3 2.4
SK.10 24969 UQ 12.20-14 30 0.28 0.23-0.36 0.03 50 44.8 322 15.4 92.4 4.2 3.4
SK.09 24970 UQ 3.00- 4.00 0.29 0 23-0.34 0.02 50 49.7 32.3 13.1 95.1 3.7 1.2
SK.25 24991 UQ 9.00-11.35 0.27 0.23-0.34 0.03 50 35.0 43.6 10.1 88.7 7.1 4.2
SK.23 24997 UQ 67.65-72.65 0.28 0.22-0.30 0.02 50 31.8 44.4 11.0 87.2 9.1 3.7
DN.15 25001 UQ 70.00-72.65 0.29 0.23-0.33 0.03 50 32.4 46.1 14.2 92.7 4.0 3.3
SK.01 24910 Q2 84.90-37.20 0.30 0.25-0.38 0.03 50 35.3 42.7 7.6 85.6 12.8 1.6
SK.02 24916 Q2 81.90-84.40 0,30 0.23-0.37 0.04 50 37.6 46.5 5.0 89.1 8.7 2.2
3K.04 24927 Q2 90.40-92.30 0.28 0.24-0.35 0.02 50 60.5 25.5 6.4 92.4 6.3 1.3
SK.06 24931 Q2 94.00-96.30 0.30 0.24-0.34 0.02 50 56.0 30.8 4.6 91.4 6.0 2.6
SK.06 24932 Q2 107.2-109.1 0.27 0.24-0.37 0.03 50 55.6 30.3 6.6 92.5 5.8 1.7
SK.08 24940 Q2 51.20-53.60 0.28 0.23-0.36 0.03 50 44.1 39.8 5.6 89.5 8.9 1.6
SK.14 24946 Q2B 58.65-60.70 0.28 0.23-0.35 0.03 50 34.7 44.1 9.7 88.5 8.2 3.3
SK.13 24952 Q2B 36.50-40.35 0.28 0.22-0.39 0.03 50 54.2 32.2 6.3 92.7 5.3 2.0
SK.13 24953 Q2 50.50-53 50 0.27 0.23-0.39 0.03 50 52.1 37.1 3.9 93.1 5.2 1.7
SK.12 24957 Q2B 12.75-13.60 9.29 0.23-0.40 0.04 50 37.2 42.4 15.8 95.4 2.8 1.8
SK.12 24958 Q2 14.60-16.75 0.28 0.23-0.32 0.02 50 39.7 39.7 14.1 93.5 5.3 1.2
SK.14 24961 Q2 66.70-69.10 0.29 0.23-0.36 0.03 50 44.0 34.6 16.4 95.0 2.9 2.1
SK.10 24967 Q2 18.60-19 90 0.28 0.23-0.36 0.03 50 41.8 41.0 13.1 95.9 2.4 1.7
SK.16 24980 Q2 144.75-151.9i 0.29 0.24-0.36 0.03 50 44.7 39.1 5.2 89.0 8.5 2.5
SK.21 24985 Q2 64.90-66.90 0.34 0.27-0.40 0.03 50 50.2 36.5 4.1 90.8 8.4 0.8
SK.25 24992 Q2 17.45-19.45 0.26 0.23-0.35 0.03 50 40.0 42.4 10.2 92.6 6.4 1.0
DN.15 25002 Q2 73.15-75.85 0.30 0 23-0.37 0.03 59 35.6 42.2 16.2 94.0 4.8 1.2
SK.02 24917 Q1 94.20-99.40 0.32 0.27-0.37 0.03 50 49.3 40.0 2.7 92.0 5.7 2.3
SK.03 24920 Q1 78.80-31.90 0.28 0.23-0.35 0.02 50 38.3 45.2 6.7 90.2 6.3 3.5
SK.03 24922 Q1 78.80-31.90 0.28 0 24-0.33 0.02 50 37.0 45.4 6.5 88.9 6.6 4.5
SK.06 24933 Q1 114.4-115.7 0.30 0.26-0.35 0.02 50 47.7 40.0 4.3 92.0 6.8 1.2
SK.08 24941 Q1 61.80-63.40 0.28 0.24-0.32 0.02 50 48.5 37.9 4.6 91.0 7.3 1.7
SK.12 24959 Q1 27.40-29.15 0.27 0.22-0.34 0.03 50 51.7 31.2 12.4 95.3 4.1 0.6
SK.10 24964 Q1 25.90-26.40 0.27 0.23-0.33 0.03 50 38.9 39.1 11.4 89.4 9.5 1.1
SK.10 24965 Q1 28.50-28.90 0.27 0.23-0.36 0.03 50 54.0 27.4 15.0 96.4 2.8 0.8
SK.09 24971 Q1 14.60-16.50 0.29 0.23-0.37 0.03 50 41.9 43.7 6.9 92.5 6.5 1.0
SK.14 24962 Q1 91.40-94.90 0.29 0.23-0.35 0.03 50 38.0 38.4 15.2 91.6 6.3 2.1
SK.15 24978 Q1 96.50-97.50 0.30 0.23-0.36 0.03 50 37.0 43.3 4.4 84.7 12.8 2.5
VIRTINITE REFLECTANCE SUMMARY VITRINITE SUB-MACERAL TOTAL
A P P E N D IX  2. SU M M A R Y O F  V IT R IN IT E  R E FLEC TA N C E  A N D .................... (C O N T IN U E D )
BH.NUM GM.NUM SEAM DEPTH MEAN MAX RANGE STD N TELOVIT DETRVIT GELOVIT VIT. LIPT INERT
(M) (M) % % (%) (%) (%) (%) (%) (%)
SK.22 24986 Q1 15.15-18.35 0.30 0.24-0.33 0.03 50 48.5 33.4 4.5 86.4 9.9 3.7
SK.25 24993 Q1 22.25-27.35 0.28 0.23-0.35 0.03 50 38.4 44.8 10.4 93.6 4.7 1.7
DN.15 25003 Q 1 83.45-35.80 0 30 0.23-0.37 0.03 50 35.4 44.8 13.5 93.7 4.8 1.5
SK.01 24911 LQ 97.15-102.2 0.30 0.23-0.35 0.03 50 36.6 49.1 3.0 88.7 9.6 1.7
SK.02 24918 LQ 112 4-114 3 0.33 0 25-0.39 0.03 50 43.7 44.4 4.9 93.1 6.0 1.0
SK.06 24934 LQ 131.7-134.5 0.30 0.27-0.35 0.02 50 41.0 43.1 52 89.3 8.5 2.2
SK.08 24942 LQ 75.10-77.50 0.23 0.24-0.33 0.02 50 40.6 42.6 7.3 90.5 8.4 1.1
SK.13 24954 LQ 71.25-73.00 0.28 0.24-0.35 0.02 50 45.5 39.6 6.1 91.2 7.4 1.4
SK.13 24955 LQ 74.70-75.10 0.23 0.23-0.39 0.04 50 52.5 24.9 14.8 92.2 7.0 0.8
SK.12 24960 LQ 44.30-45.40 0.23 0.23-0.37 0.03 50 48.2 35.1 9 1 92.4 4.5 3.1
SK.14 24963 LQ 110.4-110.8 0.33 0.28-0.41 0.03 50 35.2 39.6 13.8 88.6 8.6 2.8
SK.10 24968 LQ 41.40-43.90 0.30 0.23-0.35 0.03 50 37.4 45.7 9.8 92.9 4.7 2.4
SK.09 24972 LQ 27.90-30.90 0.28 0.24-0.37 0.03 50 32.4 49.2 12.4 94.0 5.2 0.8
SK.11 24975 LQ 9.30-12.90 0.26 0.23-0.31 0.02 50 44.3 40.5 6.5 91.3 6.9 1.8
SK.16 24981 LQ 163.7-164.6 0.29 024-0.39 0.04 40 52.4 35.4 3 6 91.4 6.3 2.3
SK.20 24983 LQ 148.9-154.2 0.33 0.26-0.39 0.03 50 43.8 39.1 5.4 88.3 8.6 3.1
SK.22 24987 LQ 37.50-39.00 0.32 0.27-0.40 0.03 50 59.1 27.8 4.1 91.0 6.8 2.2
SK.23 24990 LQ 92.45-94.35 0.29 0.25-0.34 0.02 50 50.5 36.0 5.6 92.1 5.9 2.0
SK.25 24994 LQ 38.80-41.75 0.33 0.25-0.39 0.03 50 38.1 44.7 8.0 90.8 8.4 0.8
SK.03 24923 R 144.80-146.0 0.27 023-0.35 0.02 50 42.2 43.3 5.2 91.2 7.3 1.5
SK.10 24966 R 121.65-121.9 0.30 0.23-0.35 0.03 50 47.8 31.9 10.6 90.3 6.9 2.8
SK.09 24974 R 101.20-102.3 0.29 0.24-0.35 0.02 50 46.0 42.6 3.8 92.4 6.0 1.6
SK.11 24976 R 76.90-77.95 0.28 0.23-0.34 0.03 50 40.6 42.7 7.6 90.9 8.1 1.0
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APPENDIX 3. PROXIMATE ANALYSIS, CALORIFIC VALUE, HARDGROVE INDEX, AND PETROGRAPHIC 
COMPSITION (% by vol.) OF COALS FROM SOUTHERN PERANAP FIELD.
BH
Numb.
G.M
Numb.
SEAM
NAME
IM
%
(adb)
ASH
%
(db)
S
%
(db)
V M
%
(daf)
F C
%
(daf)
C V
Kcal/Kg
(adb)
C V
Kcal/Kg
(daf)
HGI Vit. Lipt Iner Ro max 
%
M M
SK 01 24906 P2 16.4 28.5 0.13 57.7 42.3 4100 6395 37 89.3 8.5 2.2 0.27 16.4
SK 08 24935 P2 16.5 73.3 0.55 63.6 42.7 4280 6425 88.8 8.4 2.8 0.28 71.4 #
SK 16 24979 P2 14.4 23.6 0.26 56.3 43.7 4300 6575 49 89.4 8.8 1.8 0.29 9.0
DN 15 24998 P2 12.7 29.8 1.07 62.1 37.9 3515 5885 96.4 3.4 0.2 0.28 11.2
SK01 24907 P1 11.6 17.1 0.18 53.4 46.6 4690 6400 48 90.0 8.3 1.7 0.30 3.4
S K 02 24912 P1 14.5 50.9 0.79 57.7 42.3 4205 6285 93.6 5.8 0.6 0.31 3.0 #
SK 04 24924 P1 22.2 14.2 0.66 53.7 46.3 4500 6520 91.4 6.7 1.9 0.28 5.2
SK 06 24928 P1 18.8 17.4 0.37 55.6 44.4 4430 6678 39 92.9 5.6 1.5 0.27 7.1
SK 08 24936 P1 16.5 15.3 0.31 53.3 46.7 4480 6335 37 92.4 7.2 0.4 0.29 5.2
SK 14 24943 P1 14.1 49.9 0.73 61.9 38.1 3525 5870 48 94.9 4.8 0.3 0.27 33.1 #
SK 07 24948 P1 15.2 16.5 0.66 57.4 42.6 4670 6605 88.0 9.8 2.2 0.26 8.6
SK 23 24995 P1 16.1 7.8 0.22 53.1 46.9 4930 6330 91.4 6.6 2.0 0.31 11.0
DN 15 24999 P1 15.6 11.0 0.19 53.0 47.0 4635 6280 48 94.6 3.9 1.5 0.27 3.0
SK 01 24908 LP 13.1 18.3 0.28 52.8 47.2 4510 6350 92.4 5.6 2.0 0.27 7.4
SK 02 24913 LP 12.1 11.3 0.16 52.3 47.7 4980 6435 48 89.8 8.2 2.0 0.28 7.8
SK 02 24914 LP 12.4 11.2 0.18 55.0 45.0 5190 6595 54 87.4 11.3 1.3 0.28 6.6
SK 03 24919 LP 17.5 14.8 0.20 54.5 45.5 4480 6570 43 88.4 8.8 2.8 0.26 13.3
SK 04 24925 LP 20.2 13.5 0.17 54.3 45.7 4510 6570 48 93.3 4.6 2.1 0.29 2.9
SK 06 24929 LP 18.1 7.8 0.73 54.9 45.1 4475 6532 53 90.4 8.0 1.6 0.28 3.3
SK 08 24937 LP 17.8 8.0 0.80 52.6 47.4 4910 6495 57 92.7 5.3 2.0 0.27 1.5
SK 14 24944 LP 14.4 8.9 0.15 54.0 46.0 3800 6410 51 89.0 8.5 2.5 0.27 9.5
SK 07 24949 LP 14.4 22.5 0.15 54.6 45.4 4280 6280 52 92.5 6.2 1.3 0.27 3.0
SK 13 24950 LP 19.4 6.7 0.24 51.2 48.8 4835 6430 94.2 3.7 2.1 0.28 3.6
SK 15 24977 LP 17.6 10.6 0.17 55.9 44.1 4860 6570 53 89.1 10.0 0.9 0.28 9.8
SK 17 24982 LP 16.9 12.2 0.36 53.7 46.3 4715 6460 90.5 6.3 3.2 0.31 5.0
SK 21 24984 LP 19.2 6.3 0.30 53.0 4 7 0 4930 6510 87.4 8.9 3.7 0.30 3.0
SK 23 24996 LP 13.8 24.7 0.27 55.2 44.8 4105 6325 89.4 9.2 1.4 0.26 11.6
DN 15 25000 LP 13.5 8.7 0.27 53.1 46.9 4745 6375 48 92.7 5.7 1.6 0.30 1.3
#  = data have not been used for assessing the chemical properties of coal
Flle:appx3lm.wlc3
A P P E N D IX  3. P R O X IM A TE  ANALYSIS, C A LO R IF IC  VALUE, H A R D G R O V E ............(C O N T IN U E D )
BH G.M SEAM IM ASH S V M FC CV CV HGI Vit. Lipt Iner Ro max M M
Numb. Numb. NAME % % % % % Kcal/Kg Kcal/Kg %
(adb) (db) (db) (daf) (daf) (adb) (daf)
SK 01 24900 UQ 12.2 7.4 0.39 52.8 47.2 5265 6475 48 89.0 9.0 1.3 0.28 3.2
SK 02 24915 UQ 13.1 9.8 0.60 51.8 48.2 5160 6580 52 89.8 8.8 1.4 0.31 2.2
SK 03 24921 UQ 19.5 11.6 0.53 53.4 46.6 4520 6560 49 92.1 6.1 1.8 0.28 7.2
SK 04 24926 UQ 16.8 23.2 0.50 54.5 43.5 4475 6485 88.5 8.7 2.8 0.29 13.0
SK 06 24930 UQ 18.6 40.7 0.52 53.2 46.2 4745 6615 61 90.4 7.2 2.4 0.29 2.5 #
SK 08 24938 UQ 15.2 9.7 0.53 53.1 46.9 4725 6545 56 91.1 6.2 2.7 0.28 3.6
SK 08 24939 UQ 15.4 20.7 0.44 57.8 42.2 4825 6650 56 86.3 11.2 2.5 0.29 9.3
SK 14 24945 UQ 17.2 8.9 0.25 53.1 46.9 4885 6480 57 91.6 5.9 2.5 0.29 2.7
SK 05 24947 UQ 20.0 9.6 0.30 52.3 47.7 4765 6590 49 92.2 5.5 2.3 0.29 3.0
SK 13 24951 UQ 13.6 7.1 0.59 53.4 46.6 5150 6550 92.0 6.8 1.2 0.27 10.9
SK 12 24956 UQ 14.4 14.7 0.91 53.8 46.2 4675 6405 92.3 5.3 2.4 0.29 8.6
SK 10 24969 UQ 14.6 6.9 0.37 52.7 47.3 5145 6470 92.4 4.2 3.4 0.28 2.6
SK 09 24970 UQ 10.1 7.3 0.25 51.8 48.2 4925 6445 95.1 3.7 1.2 0.29 2.6
SK 25 24991 UQ 14.6 10.4 0.39 54.0 46.0 4745 6455 88.7 7.1 4.2 0.27 4.6
SK 23 24997 UQ 15.5 4.9 0.16 52.7 47.3 5190 6455 87.2 9.1 3.7 0.28 1.8
DN 15 25001 UQ 15.2 10.0 0.27 53.6 46.4 4720 6335 92.7 4.0 3.3 0.29 4.2
SK 01 24910 Q2 11.7 18.9 0.31 52.5 47.5 4600 6425 50 85.6 12.8 1.6 0.30 10.6
SK 02 24916 Q2 10.7 19.8 0.39 52.2 47.8 4555 6360 51 89.1 8.7 2.2 0.30 8.0
SK 04 24927 Q2 16.1 22.5 0.32 60.5 39.5 4785 6515 51 92.4 6.3 1.3 0.28 12.1
SK 06 24931 Q2B 16.3 17.0 0.61 57.4 42.6 4420 6490 42 91.4 6.0 2.6 0.30 7.2
SK 06 24932 Q2 18.6 12.5 0.41 52.3 47.7 4620 6515 39 92.5 5.8 1.7 0.27 4.8
SK 08 24940 Q2 17.9 7.4 0.19 54.2 45.8 5025 6610 54 89.5 8.9 1.6 0.28 1.4
SK 14 24946 Q2B 16.5 8.4 0.45 51.9 48.1 4875 6490 57 88.5 8.2 3.3 0.28 2.4
SK 13 24952 Q2B 13.6 31.6 0.69 57.0 43.0 3835 6490 60 92.7 5.3 2.0 0.28 20.6
SK 13 24953 Q2 14.8 35.4 0.29 68.0 32.0 3365 6120 41 93.1 5.2 1.7 0.27 3.4
SK 12 24957 Q2B 11.9 34.6 0.69 53.3 46.7 3455 6000 95.4 2.8 1.8 0.29 21.0
SK 12 24958 Q2 11.7 40.4 0.23 60.4 39.5 3125 5940 54 93.5 5.3 1.2 0.28 19.4 #
SK 14 24961 Q2 18.0 14.4 0.22 53.6 46.4 4650 6505 42 95.0 2.9 2.1 0.29 4.9
SK 10 24967 Q2 16.3 19.1 0.33 54.4 45.6 4295 6345 95.9 2.4 1.7 0.28 6.6
SK 16 24980 Q2 19.7 9.0 0.25 52.1 47.9 4760 6510 50 89.0 8.5 2.5 0.29 4.2
SK 21 24985 Q2B 17.3 5.4 0.22 53.4 46.6 5110 6535 90.8 8.4 0.8 0.34 2.2
SK 25 24992 Q2 17.4 20.8 0.33 56.0 44.0 4190 6425 92.6 6.4 1.0 0.26 12.6
DN 15 25002 Q2 15.8 20.8 0.32 54.9 45.1 4270 6390 49 94.0 4.8 1.2 0.30 10.4
#  = data have not been used for assessing the chemical properties of coal
A P P E N D IX  3. P R O X IM A TE  A NALYSIS, C A L O R IF IC  VA LU E, H A R D G R O V E (C O N T IN U E D )
BH G.M SEAM IM ASH S V M FC
Numb. Numb. NAME % % % % %
(adb) (db) (db) (daf) (daf)
SK 02 24917 Q1 11.3 19.8 0.39 52.2 47.8
SK 03 24920 Q1 14.4 10.5 0.51 53.6 46.4
SK 03 24922 Q1 15.1 10.5 0.51 53.6 46.4
SK 00 24933 Q1 18.5 6.5 0.22 52.3 47.7
SK 08 24941 Q1 18.4 7.4 0.31 52.2 47.8
SK 12 24959 Q1 15.0 6.8 0.20 52.8 47.2
SK 14 24962 Q1 13.6 17.5 0.26 54.4 45.6
SK 10 24964 Q1 13.4 13.6 0.17 56.0 44.0
SK 10 24965 Q1 17.4 10.2 0.60 50.8 49.2
SK 09 24971 Q1 18.2 8.4 0.27 52.2 47.8
SK 15 24978 Q1 16.5 11.6 0.33 53.4 46.6
SK 22 24986 Q1 19.4 7.1 0.14 53.5 46.5
SK 25 24993 Q1 16.5 24.7 0.27 55.2 44.8
DN 15 25003 Q1 18.3 0.1 0.21 52.2 47.8
SK 01 24911 LQ 10.4 12.6 0.10 54.1 45.9
SK 02 24918 LQ 12.2 10.6 0.19 52.6 47.4
SK 06 24934 LQ 18.3 14.1 0.18 54.0 46.0
SK 08 24942 LQ 18.1 14.4 0.22 51.8 48.2
SK 13 24954 LQ 13.4 26.6 0.27 58.3 41.7
SK 13 24955 LQ 12.0 42.5 0.57 58.9 41.1
SK 12 24960 LQ 14.4 2.6 0.35 46.5 53.5
SK 14 24963 LQ 10.4 17.5 0.29 54.4 45.6
SK 10 24968 LQ 12.0 29.5 0.18 56.5 43.5
SK 09 24972 LQ 18.7 7.9 0.22 52.7 47.3
SK 11 24975 LQ 16.0 25.5 0.26 52.1 47.9
SK 16 24981 LQ 17.9 14.6 0.28 51.3 48.7
SK 20 24983 LQ 21.0 7.6 0.23 53.2 46.8
SK 22 24987 LQ 19.6 12.7 0.14 52.8 47.2
SK 23 24990 LQ 17.5 5.0 0.24 50.2 49.8
SK 25 24994 LQ 18.4 17.3 0.38 53.7 46.3
CV CV 
Kcal/Kg Kcal/Kg 
(adb) (daf)
HGI Vit. Lipt Iner Ro max 
%
M M
4765 6510 58 92.0 5.7 2.3 0.32 2.6
4815 6725 63 90.2 6.3 3.5 0.28 2.2
4815 6725 63 88.9 6.6 4.5 0.28 4.1
4970 6605 42 92.0 6.8 1.2 0.30 2.4
5040 6665 54 91.0 7.3 1.7 0.28 1.8
5135 6485 95.3 4.1 0.6 0.27 1.4
4830 6550 91.6 6.3 2.1 0.29 4.5
4895 6545 89.4 9.5 1.1 0.27 4.4
4770 6430 96.4 2.8 0.8 0.27 5.0
4875 6510 91.4 6.5 1.0 0.29 1.2
4745 6580 84.7 12.8 2.5 0.30 4.4
4855 6480 86.4 9.9 3.7 0.30 4.1
4975 6325 93.6 4.7 1.7 0.28 3.6
4860 6505 69 93.7 4.8 1.5 0.30 1.0
3825 6550 88.7 9.6 1.7 0.30 6.6
5185 6605 64 93.1 6.0 0.9 0.33 6.6
4675 6660 72 89.3 8.5 2.2 0.30 8.0
4545 6485 42 90.5 8.4 1.1 0.28 3.2
4045 6360 91.2 7.4 1.4 0.28 9.8
3190 6305 92.2 7.0 0.8 0.28 28.4 #
4705 5640 92.4 4.5 3.1 0.28 3.0
4830 6710 88.6 8.6 2.8 0.33 8.0
4715 6115 42 92.9 4.7 2.4 0.30 6.4
4900 6540 46 94.0 5.2 0.8 0.28 3.2
5260 6585 91.3 6.9 1.8 0.26 1.6
4340 6430 91.4 6.3 2.3 0.29 4.6
4685 6420 49 88.3 8.6 3.1 0.33 2.8
4535 6460 91.0 6.8 2.2 0.32 4.6
5175 6430 92.1 5.9 2.0 0.29 1.0
4290 6585 90.8 8.4 0.8 0.33 5.0
#  = data have not been used for assessing the chemical properties of coal
A P P E N D IX  3. P R O X IM A TE  A NALYSIS, C A L O R IF IC  VALU E, H A R D G R O V E ............(C O N T IN U E D )
BH
Numb.
G.M
Numb.
SEAM
NAME
IM
%
(adb)
ASH
%
(db)
S
%
(db)
V M
%
(daf)
FC
%
(daf)
CV
Kcal/Kg
(adb)
CV HGI 
Kcal/Kg 
(daf)
Vit. Lipt Iner Ro max 
%
M M
SK 03 24923 R 15.1 58.5 1.26 61.9 38.1 4254 6470 91.2 7.3 1.5 0.27 48.1 #
SK 10 24966 R 13.4 34.5 3.16 58.6 41.4 5080 6620 90.3 6.9 2.8 0.30 3.4
SK 09 24974 R 15.7 22.9 0.83 62.2 37.8 4265 6560 92.4 6.0 1.6 0.29 10.8
SK 11 24976 R 16.8 26.5 1.21 56.1 43.9 4150 6695 90.9 8.1 1.0 0.28 18.2
#  = data have not been used for assessing the chemical properties of coal
adb= air-dry basis; db= dry basis; daf= dry-ash free basis
IM = Inherent Moisture Ro max = mean vitrinite reflectance
VM s  Volatile Matter Vit. = vitrinite
FC = Fixed Carbon Lipt. = liptinite
S = Sulphur Content Iner. = inertinite
CV = Calorific Value MM = mineral matter
Ash = Ash Content
HGI = Hardgrove Giindability Index
File : appx3lm.wk3
APPENDIX 4
ULTIMATE AND PETROGRAPHIC ANALYSES
BH GM.NUM SEAM
ULTIMATE ANALYSIS (dafb) PETROGRAPHIC COMPOSITION 
( % vol.)
NUMB. NAME
CARBON HYDROGEN NiTF^OGEN SULPHUR OXYGEN H : C 0  : C TOTAL TOTAL TOTAL Romax
% % % % % VIT. LIPT. INERT. %
SK01 24906 P2 69.44 5.05 0.89 0.19 24 43 0873 0.264 89.3 8.5 2.2 0.27
SK08 24935 P2 68.64 5.71 0.86 0.33 24.46 0.998 0.267 88.8 8.4 2.8 0.28
SK 16 24979 P2 69.42 4.82 0.73 0.25 24.78 0833 0.268 89.4 8.8 1.8 0.29
DN 15 24998 P2 68.83 5.62 0.95 0.28 24.32 0980 0.265 964 3.4 0.2 0.28
SK01 24907 P1 69.11 4.97 0.87 0.22 24.83 0863 0.270 90.0 8.3 1.7 0.30
SK 02 24912 P1 69.15 4.95 0.84 0.20 2486 0.859 0.270 93.6 5.8 0.6 0.31
SK 04 24924 P1 69.15 4.95 0.92 0.24 2474 0859 0.268 91.4 6.7 1.9 0.28
SK 06 24928 P1 69.34 4.81 1.08 0.64 24 13 0.832 0.261 92.9 5.6 1.5 0.27
SK08 24936 P1 69.87 4.71 1.02 0.37 24.03 0809 0.258 92.4 7.2 0.4 029
SK 14 24943 P1 69.15 4.92 0.91 0.22 24.8 0.854 0.269 94.9 4.8 0.3 0.27
SK07 24948 P1 69.04 5.33 0.82 0.27 24.54 0.926 0.267 88.0 9.8 2.2 0.26
SK23 24995 P1 69.64 5.10 0.83 0.26 24.12 0.879 0.260 91.4 6.6 2.0 0.31
DN 15 24999 P1 69.02 5.28 0.80 0.20 24.7 0.918 0.268 94.6 3.9 1.5 0.27
SK01 24908 LP 69.25 4.85 0.93 0.34 24.63 0840 0.267 92.4 5.6 2.0 0.27
SK 02 24913 LP 69.86 4.82 0.94 0.18 24.2 0.828 0.260 89.8 8.2 2.0 0.28
SK02 24914 LP 69.77 4.78 0.85 0.20 24.4 0.822 0.262 87.4 11.3 1.3 0.27
SK 03 24919 LP 69.86 4.84 0.94 0.23 24 13 0831 0.259 88.4 8.8 2.8 0.26
SK04 24925 LP 69.89 4.72 1.05 0.32 24.02 0.810 0.258 93.3 4.6 2.1 0.29
SK 06 24929 LP 69.97 4.67 0.90 0.37 24.09 0.801 0.258 90.4 8.0 1.6 0.28
SK0S 24937 LP 69.46 4.93 0.98 0.87 23.76 0.852 0.257 927 5.3 2.0 0.27
SK 14 24944 LP 69.22 4.93 1.00 0.28 24.57 0.855 0.266 89.0 8.5 2.5 0.27
SK07 24949 LP 69.20 4.80 1.08 0.20 24.72 0.832 0.268 92.5 6.2 1.3 0.27
SK 13 24950 LP 69.38 4.65 0.88 0.22 24.87 0.804 0.269 94.2 3.7 2.1 0.28
SK 15 24977 LP 69.58 4.72 086 0.19 24.65 0814 0.266 89.1 10.0 0.9 0.28
SK 17 24982 LP 69.89 5.12 0.88 0.51 23.6 0.879 0.253 90.5 6.3 3.2 0.31
SK 21 24984 LP 69.88 5.18 0.78 0.42 23.74 0.890 0.255 87.4 8.9 3.7 0.30
SK23 24996 LP 69.55 5.76 0.88 0.52 23.29 0.994 0.251 89.4 9.2 1.4 0.26
DN 15 25000 LP 69.30 4.96 0.97 0.20 24.57 0.859 0.266 92.7 5.7 1.6 0.30
File: appx4.wk3
A P P E N D IX  4. U L T IM A T E  A N D  P E T R O G R A P H IC  A N A L Y S E S .......(C O N T IN U E D )
BH GM.NUM SEAM
ULTIMATE ANALYSIS (dafb) PETROGRAPHIC COMPOSITION 
( % vol.)
NUMB. NAME
CARBON HYDROGEN NITROGEN SULPHUR OXYGEN H : C 0  : C TOTAL TOTAL TOTAL Romax
% % % % % VIT. LIPT. INERT. %
SK01 24909 UQ 69.55 4.69 0.91 0.42 24.43 0809 0.264 89.0 9.0 1.3 0.28
SK 02 24915 UQ 69.31 4.97 0.93 0.63 24.16 0860 0.261 89.8 8.8 1.4 0.31
SK03 24921 UQ 69.95 4.79 1.00 0.62 23.64 0.822 0.254 92.1 6.1 1.8 0.28
SK 04 24926 UQ 69.45 4.63 0.94 0.82 24.16 0.800 0.261 88.5 8.7 2.8 0.29
SK 06 24930 UQ 69.92 4.68 0.99 0.65 23.76 0803 0.255 90.4 7.2 2.4 0.29
SK08 24938 UQ 69.63 4.71 0.96 0.58 24.12 0.812 0.260 91.1 6.2 2 7 0.28
SK 08 24939 UQ 69.46 5.27 0 82 0.33 24.12 0910 0.261 863 11.2 2.5 0.29
SK 14 24945 UQ 69.66 4.51 0.99 0.49 24.35 0777 0.262 91.6 5.9 2.5 0.29
SK 05 24947 UQ 69.87 4.64 1.00 0.33 24.16 0797 0.259 92.2 5.5 2 3 0.29
SK 13 24951 UQ 69.18 5.67 0.72 0.67 23.76 0.984 0.258 920 6.8 1.2 0.27
SK 12 24956 UQ 69.16 5.23 0.88 0.95 23.78 0.907 0.258 92.3 5.3 2 4 0.29
SK 10 24969 UQ 69.42 5.72 067 0.37 23.82 0.989 0.257 92.4 4.2 3.4 0.28
SK09 24970 UQ 69.60 5.68 0.90 O.CO 23.22 0.979 0.250 95.1 3.7 1.2 0.29
SK25 24991 UQ 69.15 5.68 0.46 0.83 23.88 0986 0.259 88.7 7.1 4.2 0.27
SK 23 24997 UQ 69.12 5.69 0 69 0.82 23.68 0.988 0.257 87.2 9.1 3.7 0.28
DN 15 25001 UQ 69.36 5.32 0.89 0.54 23.89 0.920 0.258 92.7 4.0 3.3 0.29
SK01 24910 Q2 69.14 5.07 0.91 0.38 24.50 0880 0.266 856 12.8 1.6 0.30
SK 02 24916 Q2 69.48 4.71 0.98 0.46 24.37 0813 0.263 89.1 8.7 2.2 0.30
SK04 24927 Q2 69.91 4.99 1.01 0.32 23.77 0.857 0.255 92.4 6.3 1.3 0.28
SK06 24931 Q2 69.58 4.70 0.98 0.73 24.01 0.811 0.259 91.4 6.0 2.6 0.30
SK06 24932 Q2 69.40 4.63 0.97 0.24 24.76 0801 0.268 92.5 5.8 1.7 0.27
SK 08 24940 Q2 69.89 4.86 0.95 0.21 24.09 0.834 0.259 89.5 8.9 1.6 0.28
SK 14 24946 Q2B 69.20 4.84 0.96 0.25 24.75 0.839 0.268 885 8.2 3.3 0.28
SK 13 24952 Q2B 69.53 4.84 0.48 1.02 24.13 0.835 0.260 92.7 5.3 2.0 0.28
SK 13 24953 Q2 69.24 4.91 0.98 0.45 24.42 0851 0.265 93.1 5.2 1.7 0.27
SK 12 24957 Q2B 69.82 5.38 1.26 0.18 23.36 0925 0.251 95.4 2.8 1.8 0.29
SK 12 24958 Q2 69.34 4.94 091 0.40 24.41 0855 0.264 93.5 5.3 1.2 0.28
SK 14 24961 Q2 69.23 4.84 1.02 0.16 24.75 0.839 0.268 95.0 2.9 2.1 0.29
SK 10 24967 Q2 69.72 5.32 0.96 0.22 23.73 0.916 0.256 95.9 2.4 1.7 0.28
A P P E N D IX  4. U L T IM A T E  A N D  P E T R O G R A P H IC  A N A L Y S E S ....... (C O N T IN U E D )
ULTIMATE ANALYSIS (dafb) PETROGRAPHIC COMPOSITION
( % vol.)
BH GM.NUM S E A M ______________________ ___________________________________________________________________________________________
NUMB. NAME
CARBON
%
HYDROGEN NITROGEN
% %
SULPHUR
%
OXYGEN
%
H : C O : C TOTAL
VIT.
TOTAL
LIPT.
TOTAL
INERT.
Ro max
%
SK 16 24980 Q2 69.96 4.71 0.79 0.64 23.90 0.808 0.256 89.0 8.5 2 5 0.29
S K 2 1 24985 Q2 69.88 5.18 1.18 0.24 23 52 0 890 0.252 90.8 8.4 0.8 0.34
SK 25 24992 Q2 69.76 5.52 0.90 0.28 23.54 0.950 0.253 92.6 6.4 1.0 0.26
DN 15 25002 Q2 69.88 5.22 0.66 0.48 23.76 0896 0.255 94.0 4.8 1.2 0.30
SK02 24917 Q1 69.36 4.80 0.93 0.16 24.75 0.830 0.268 92.0 5.7 2.3 0.32
SK 03 24920 Q1 69.73 4.57 0.98 0.57 24.15 0.786 0.260 90.2 6.3 3.5 0.28
SK 03 24922 Û1 69.77 4.57 094 0.57 24.15 0786 0.260 88.9 6.6 4 5 0.28
SK 06 24933 Q1 69.71 4.50 1.07 0.24 24.48 0775 0.263 92.0 6.8 12 0.30
SK 03 24941 Q1 69.64 5.34 0.90 0.26 23.86 0.920 0.257 91.0 7.3 1.7 0.28
SK 12 24959 Q1 69.48 5.52 1.17 0.21 23.62 0.953 0.255 95.3 4.1 0.6 0.27
SK 10 24964 Q1 69.59 5.54 1.01 0.18 23.68 0.955 0.255 89.4 9.5 1.1 0.27
SK 10 24965 Q1 69.45 5.35 1.14 0.28 23.78 0.924 0.257 96.4 2.8 0.8 0.27
SK09 24971 Q1 69.76 4.88 0.91 0.22 24.23 0.839 0.261 91.4 6.5 1.0 0.29
SK 14 24962 Q1 69.22 5.13 0.99 0.24 24.42 0889 0.265 91.6 6.3 2.1 0.29
SK 15 24978 Q1 69.99 4.66 0.76 0.19 24 40 0.799 0.262 84.7 12.8 2.5 0.30
SK 22 24986 Q1 69.34 5.76 098 0.21 23.71 0.997 0.257 86.4 9.9 3 7 0.30
SK 25 24993 Q1 69.56 5.66 0.98 0.26 23.54 0.976 0.254 93.6 4.7 1.7 0.28
DN 15 25003 Q1 69.62 5.54 0.49 0.23 24.12 0.955 0.260 93.7 4.8 1.5 0.30
SK01 24911 LQ 69.63 4.89 0.87 0.15 24.46 0.843 0.264 88.7 9.6 1.7 0.30
SK02 24918 LQ 69.00 4.95 0.89 0.40 24.76 0861 0.269 93.0 6.0 1.0 0.33
SK 06 24934 LQ 69.75 4.76 0.95 0.21 24.33 0.819 0.262 89.3 8.5 2.2 0.30
SK08 24942 LQ 69.88 4.77 0.98 0.36 24.01 0.819 0.258 90.5 8.4 1.1 0.28
SK 13 24954 LQ 69.14 5.25 0.87 0.22 24.52 0.911 0.266 91.2 7.4 1.4 0.28
SK 13 24955 LQ 69.13 5.27 0.91 0.37 24.32 0.915 0.264 92.2 7.0 0.8 0.28
SK 12 24960 LQ 69.11 5.28 0.79 0.28 24 54 0.917 0.266 92.4 4.5 3.1 0.28
SK 14 24963 LQ 69.32 5.29 0.96 0.45 23.98 0.916 0.260 88.6 8.6 2.8 0.33
SK 10 24968 LQ 69.74 4.57 0.99 0.36 24.34 0.786 0.262 92.9 4.7 2.4 0.30
SK09 24972 LQ 69.75 4.60 0.99 0.24 24.42 0791 0.263 94.0 5.2 0.8 0.28
SK 11 24975 LQ 69.14 5.54 0.90 0.43 23.99 0962 0.260 91.3 6.9 1.8 0.26
A P P E N D IX  4. U L T IM A T E  A N D  P E T R O G R A P H IC  A N A L Y S E S ....... (C O N T IN U E D )
ULTIMATE ANALYSIS (dafb) PETROGRAPHIC COMPOSITION
( % vol.)
BH GM.NUM S E A M ______________________ ___________________________________________________________________________________________
NUMB. NAME " "
CARBON
%
HYDROGEN
%
NITROGEN
%
SULPHUR
%
OXYGEN
%
H : C O : C TOTAL
VIT.
TOTAL
LIPT.
TOTAL
INERT.
Ro max
%
SK 16 24981 LQ 69.26 5.52 0.87 0.21 24.14 0.956 0.261 91.4 6.3 2.3 0.29
SK 20 24983 LQ 69.68 4.98 0.79 0.25 24.30 0.858 0.262 88.3 8.6 3.1 0.33
SK 22 24987 LQ 69.22 5.39 0.83 0.34 24 22 0934 0.262 91.0 6.8 2.2 0.32
SK23 24990 LQ 69.11 5.33 0.84 0.18 24.54 0925 0.266 92.1 5.9 2.0 0.30
SK25 24994 LQ 69.52 5.32 0.42 0.16 24 58 0.918 0.265 90.8 8.4 0.8 0.33
SK 03 24923 R - - - - - - - 91.2 7.3 1.5 0.27
SK 10 24966 R - - - - - - - 90.3 6.9 2.8 0.30
SK 09 24974 R - - - - - - - 92.4 6.0 1.6 0.29
SK 11 24976 R - - - - - - - 90.9 8.1 1.0 0.28
Ultimate Analysis were supplied by DOC -JICA (1990)
dafb= dry ash free basis VIT. = vitrinite
H : C = Hydrogen Carbon atomic ratio LIP.= liptinite
O : C = Oxygen Carbon atomic ratio INERT. = inerdnite
File : appx4.wk3
APPENDIX 5. PETROGRAPHIC AND CHEMICAL PROPERTIES POR O-MODE SUB-CLUSTER GROUP
BH GM COAL TELOVIT DETROVIT GELOVITR LPTINITE INERTINITE MM
Number Number SEAM R.m«uc
%
ASH 
% (db)
S
% (db)
VM
%(daf)
FC
%(daf)
CV (daf) 
Kcal/Kg
C% H % N % 0%
Text T-ulm Eu-ulm Telo A tt Dens. Phlo Corp Pori Eugel Spor. Cut. Res. Lipt. Sub. Fluo Exsu Fus. SF Sci. Iner.
SK01 24907 P1 09 38.5 6.7 0.4 3.9 34.8 1.3 0.6 2.9 0.0 0.8 1.3 0.6 5.0 00 04 02 04 02 0.3 0.8 34 030 17.1 0.18 53.4 46.6 6400 69.1 4.97 087 24.83
SK04 24924 P1 0.6 49.6 3.8 0.2 3 2 29.8 0 6 2.8 0.8 0.0 0.6 1.5 0.9 2.9 06 0.2 00 0.6 0.4 09 0.0 5.2 0.28 14.2 0.66 537 46.3 6520 69.2 4.95 0.92 24.74
SK 08 24936 P1 1.6 35.6 3.4 0.2 4.5 41.1 0.7 3.4 1.9 0.0 0.4 1.1 2.5 16 0.9 07 00 0 2 00 02 0.0 6.4 0.29 15.3 0.31 533 46.7 6335 69.9 4.71 1.02 24.03
SK 21 24984 LP 1.0 42.5 4 5 0.0 3.1 30.9 2.6 0.6 2.2 0.0 02 0.6 1.5 5.8 00 04 04 1.0 0.8 04 1.5 3.0 0.30 6.3 0.30 53.0 47.0 6510 69.9 5.18 0.78 23.74
SK 17 24982 LP 1.1 53.2 4.4 0.2 1.5 26.7 0.6 1.3 1.3 0.2 00 0.5 0.6 4 5 02 0.5 00 04 11 0.6 1.1 50 0.31 12.2 0.36 537 46.3 6460 69.9 5.12 0.88 23.60
SK 22 24987 LQ 1.3 47.4 10.2 0.2 1.8 260 0.5 2.0 1.2 0.4 0.4 0.4 0.8 4.7 03 0.2 00 0 5 05 0.2 1.0 4.6 0.32 12.7 0.14 528 47.2 6460 69.1 5.39 0.93 24.22
SK 22 24986 Q1 0.7 41.3 6.3 0.2 4 9 28.5 0.9 0.4 28 0.4 02 0.5 2.1 5.9 0.6 0.2 04 0.6 0.9 0.8 1.4 4.1 0.30 7.1 0.14 53.5 46.5 6480 69.3 5.76 0.98 23.71
SK 16 24981 LQ 0.9 45.8 5.7 0.0 2.8 32.6 0.8 1.3 1.5 0.0 0.2 1.1 0.2 4.2 0.4 0.2 0.0 0.0 1.1 04 0.8 4.6 0.29 14.6 0.28 51.3 48.7 6430 69.3 5.52 0.87 24.14
AVG A1 1.0 44.2 5.6 0.2 3.2 31.3 1.0 1.6 1.8 0.1 0.4 0.9 1.2 4.3 0.4 0.4 0.1 0 5 0.6 0.5 0.8 4.5 0.30 12.4 0.30 53.1 46.9 6449 69.5 5.20 0.91 24.13
SK 16 24979 P2 09 38.5 3.5 1.1 1.8 38.6 3.5 0.2 1.3 0.0 02 0.7 0.2 7 0 02 0.5 00 0.4 0.2 0.3 0.9 90 0.29 23.6 0.26 56.3 43.7 6575 69.4 4.82 073 24.78
SK 16 24980 UQ 1.5 38.0 4.8 0.2 2.1 37.2 1.7 2.3 1.2 0.0 00 0.7 1.7 5.7 0.4 0.0 00 0 6 0.4 0.4 1.1 4.2 0.29 90 0.25 52.1 479 6510 70.0 4.71 0.79 23.90
SK 15 24978 Q1 1.7 28.9 56 0.8 2.7 40.6 2.9 0.4 1.1 0.0 0.2 0.4 13 10.5 00 02 0.2 0.2 0.4 0.4 1.5 44 0.30 11.6 0.33 534 46.6 6580 70.0 4.66 0.76 24.40
SK 15 24977 LP 2.2 28.6 6.2 0.4 4.4 43.5 1.7 0.4 1.7 0.0 0.5 11 0.2 8.0 02 0.0 00 0.0 0.2 0.3 0.4 9.8 028 10.6 0.17 55.9 44.1 6570 69.6 4.72 0.86 24.65
SK 01 24911 LQ 1.9 31.9 2.8 0.0 4.4 44.7 0.7 1.0 1.3 0.0 0.4 1.5 1.1 58 02 0.4 0.2 0.2 0.2 04 0.9 6.6 0.30 12.6 0.10 541 45.9 6550 69.6 4.89 0.87 24.46
SK01 24908 LP 0.9 42.9 6.7 0.0 5.4 307 1.1 2.5 2.2 0.0 0.0 0.9 0.4 3 6 00 07 00 0 8 0.5 0.2 05 7.4 0.27 18.3 0.28 52.8 47.2 6350 69.3 4.85 0.93 24.63
SK 02 24916 Q2 0.2 33.1 4.1 0.2 9.2 373 1.5 1.1 2.4 0.0 0.4 0.9 0.5 5.8 02 09 0.0 0 9 04 0.5 0.4 8.0 0.30 19.8 0.39 522 47.8 6360 695 4.71 098 24.37
SK 02 24913 LP 1.1 37.1 5.4 0.0 3.3 39.9 0.2 1.1 17 0.0 02 0.9 0 2 5.1 0.9 07 0.2 0 2 07 0.4 0.7 7.8 0.28 11.3 0.16 52.3 47.7 6435 69.9 4.82 0.94 24.20
SK 06 24929 LP 1.0 43.4 2.2 0.4 2.0 34.5 0.8 3.5 2.6 0.0 0.4 1.2 2.0 29 09 0.6 0.0 0.7 00 0.2 0.7 3.3 0.28 7.8 073 54.9 45.1 6532 70.0 4.67 0.90 24.09
SK 08 24940 Q2 1.7 37.5 4 7 0.2 5.9 33.9 0.6 3.8 1.2 0.0 0.6 0.6 2.7 3 6 0 4 0.8 0.2 0 2 02 0.4 0.8 1.4 0.28 7.4 0.19 54.2 45.8 6610 69.9 4.86 095 24.09
SK 02 24914 LP 28 22.7 10.5 4.5 1.7 37.9 0.0 3.0 4.3 0.0 0.4 0.4 1.9 8.4 0.0 0.0 0.2 0.4 0.4 0.5 0.0 6.6 0.27 11.2 0.18 55.0 45.0 6595 69.8 4.78 085 24.40
SK 01 24909 UQ 0.8 22.3 15.3 4.6 1.7 35.1 1.7 4.5 3.7 0.0 0.0 0.0 0.4 8.5 00 0.2 0.0 0.2 0.4 0.4 0.2 3.2 0.28 7.4 0.39 528 47.2 6475 69.6 4.69 0.91 24.43
SK01 24910 Q2 72 13.8 8.7 5.6 4.2 38.5 0.0 2.7 4.9 0.0 0.5 1.2 1.2 9 5 00 0.2 0.2 0.9 0.2 0.0 0.5 10.6 0.30 18.9 0.31 52.5 47.5 6425 69.1 5.07 0.91 24.50
SK 02 24915 UQ 2.7 35.4 6.5 0.8 5.1 32.9 0.8 3.4 1.8 0.4 0.2 0.7 1.1 6.2 02 0.2 02 04 0.2 0.2 0.6 2.2 0.31 9.8 0.60 51.8 48.2 6580 69.3 4.97 0.93 24.16
SK 06 24933 Q1 1.6 35.9 9.1 1.1 2.3 37.7 02 1.9 1.6 0.6 0.4 0.8 1.5 3.0 06 0.5 0.0 0.4 0.2 0.2 0.4 2.4 0.30 6.5 0.22 523 477 6605 69.7 4.50 1.07 24.48
SK21 24985 Q2B 2.1 39.3 7.8 1.0 1.2 35.3 1.1 0.7 2.3 0.0 2.0 0.4 0.8 4.4 0.6 0.2 00 0.6 0.2 0.0 0.0 2.2 0.34 5.4 0.22 534 46.6 6535 69.9 5.18 1 18 23.52
SK 02 24917 Q1 1.1 43.8 42 0.2 2.7 37.3 0.7 1.0 1.0 0 0 0.4 0.0 0.8 3.8 02 0.5 0.0 10 0.5 0.4 0.4 2.6 0.32 19.8 0.39 52.2 47.8 6545 69.4 4.80 093 24.75
SK 20 24983 LQ 11 37.1 5.6 0.0 2.1 37.0 0.8 2.7 1.7 0.2 0.8 1.2 08 5.0 0.4 0.4 0.0 1.7 0.6 0.4 0.4 2.8 0.33 7.6 0.23 532 46.8 6420 69.7 4.98 079 24.30
SK 02 24918 LQ 0.0 40.7 3.0 0.0 1.2 43.2 0.5 3.1 1.3 0.0 0.0 1.1 0.5 4.0 0.0 0.2 0.2 0.0 0.6 0.4 0.0 6.6 0.33 10.6 0.19 52.6 47.4 6605 69.0 4.95 0.89 24.76
AVG A2 1.7 34.3 6.1 1.1 3.3 37.7 1.1 2.1 2.1 0.1 0.4 0.8 1.0 5.8 0.3 0.4 0.1 0.5 0.3 0.3 0.5 5.3 0.30 12.1 0.29 534 46.6 6519 69.6 4.82 0.90 24.36
AVG A GROUP 1.4 39.2 5.9 0.6 3 3 34.5 1.0 1.8 1.9 0.1 0.4 0.8 1.1 5.1 0.3 0.4 0.1 0.5 0.5 04 0.7 4.9 0.30 12.3 0.30 53.2 46.8 6484 69.5 5.01 0.90 24.24
file: newclsx5.wk3
APPENDIX 5. PETROGRAPHIC AND CHEMICAL PROPERTIES FOR Q-MODE SUB-CLUSTER GROUP
BH
Number
GM
Number
COAL
SEAM
TELOVIT DETROVIT GELOVfTR LIPTINITE INERTINITE MM
R.mx
%
ASH 
% (db)
S
%(db)
VM 
% (daf)
FC  
% (daf)
CV (daf) 
Kcal/Kg
C% H % N% 0 %
Text T-ulm Eu-ulm Telo A tt Dens. Phlo Corp Pori Eugel Spor. Cut Res Lipt Sub. Fluo. Exsu. Fus. SF Sd. Iner.
SK 07 24948 P1 1.1 31.6 33 00 7 7 40.3 0.0 2.5 1.5 0 0 07 1.1 5 3 1.9 0 4 02 02 02 12 04 0.4 86 026 165 0 66 57.4 426 6605 69.0 5.33 082 24.54
SK 23 24996 LP 1.1 35.8 11 0 0 138 31.0 0.9 4 1 16 0.0 02 0.7 4.9 27 0.7 00 00 02 07 0 5 0 0 11 6 026 24.7 0.27 55.2 44 8 6325 69.6 5.76 0 88 23.29
SK 23 24997 UQ 08 28.6 2.4 00 7.5 369 1.2 8.2 1.6 0 0 02 0.4 4.9 26 06 02 0.2 08 1.5 08 06 18 0 26 4.9 016 52.7 47.3 6455 69.1 5 69 0.69 23 68
SK 23 24995 P1 1.1 338 0.9 0.0 4.8 41 0 0.7 7.3 18 0 0 00 04 3 8 12 06 04 02 00 1 0 06 04 110 0.31 7.8 022 53.1 46.9 6330 69.0 510 088 24.72
SK 14 24963 LQ 1.2 32.6 1.4 0 0 3.1 36.5 0.2 9.2 4 0 04 07 05 3 6 20 10 0.6 02 0 0 16 08 04 8 0 0 33 17.5 0 29 54.4 45.6 6710 69.3 5.29 096 23.98
SK 15 24994 LQ 06 37.3 0.2 00 2.7 420 0.2 6.1 1.7 0 0 04 04 4.8 18 06 02 0.2 0 0 04 0 2 02 50 033 17.3 0.38 537 463 6585 69.1 5.32 0 82 24.58
SK 15 24992 02 02 39.1 0.7 0.0 3.4 39.0 0.2 8.2 16 0 2 0.4 05 3 0 18 0.5 0.2 00 00 02 04 04 12.6 026 20.8 033 56.0 44.0 6425 69.8 552 0.90 23 54
DN 15 25002 Q2 02 34 6 0.8 0 0 27 395 0.4 12.8 30 0.0 02 06 2 4 12 02 0.2 00 0 0 04 04 04 10 4 0.30 20.8 032 54.9 45.1 6390 69.9 5.22 0 66 23.76
SK 10 24964 Q1 08 36.4 1.7 0 0 1.8 37.3 0.2 8 1 2 9 0 2 06 06 4.5 17 15 04 02 02 05 04 00 4 4 027 13.6 0.17 56.0 44 0 6360 69.9 5 54 0.71 23 68
SK 11 24975 LQ 1.2 41.5 1.6 0 0 4.3 36.2 0.0 4.0 2.5 0 0 02 0.8 3.5 14 08 00 02 0 8 06 0 0 0.4 1.6 026 25.5 0.26 52.1 47.9 6585 69.1 5.54 0 90 23 99
SK 13 24954 LQ 07 40.6 4.2 0 0 5.3 34.3 0.2 3.6 2.3 0.0 00 0.4 3 8 2.5 07 0.0 00 0 5 05 0 2 02 98 0.28 26.6 027 58.3 41.7 6360 69.1 525 087 24.52
SK 09 24974 R 0.4 49.9 4.5 0.2 6.1 27.5 0.7 2.0 0.7 0.4 02 07 3 5 07 07 0.0 02 02 04 0 6 04 108 0.29 22.9 0.83 62.2 37.8 6560 75 0 5.66 1.14 17.94
SK 11 24976 R 07 34.8 46 0.5 5.9 36.8 0.7 4.5 1.9 0.5 07 0.5 4.4 09 09 0 0 0.7 0.2 0.2 0.4 0.2 18.2 0.28 26.5 1.21 56.1 43.9 6695 738 559 1.11 18.62
SK 08 24941 Q1 0.4 45.9 2.2 0 0 34 34.5 1.0 2.6 0.8 0.2 08 07 2.5 23 08 0.2 0.0 04 02 0.9 0 2 18 0.28 7.4 031 522 47 8 6665 69.6 5.34 0.90 23.86
SK 09 24971 Q1 0.4 38.5 2 6 0.4 5.9 37.8 1.0 4.3 1.6 0 0 08 0.4 2.7 14 06 00 06 0 0 0.4 0.6 0 0 1.2 0.29 84 0.27 52.2 47.8 6510 69.8 4.88 0.91 24.23
SK 14 24944 LP 20 31.5 2.8 04 21.5 25.1 0.9 3.5 1.3 0.0 1.0 1.5 2.4 2 4 10 0.2 0.0 15 04 0.4 0.2 95 0.27 8.9 0.15 54.0 46 0 6410 69.2 4.93 100 24.57
SK 08 24939 Q2B 1.4 309 1.0 0 0 12.2 29.8 06 5.8 4.4 0.2 1.2 1.6 1.8 57 05 0.2 02 0 8 06 0.8 0.3 9.3 0.27 20.7 0.44 57 8 42.2 6550 69.5 5.27 0.82 24.12
SK 07 24949 LP 0.8 38.8 0.4 0.0 6 6 37.7 0.8 4.2 3.2 0.0 08 08 2.6 1.2 08 0 0 00 02 05 0.6 0 0 30 0 27 225 0.15 54.6 45.4 6280 69.2 4.80 1.08 24.72
SK 06 24934 LQ 0.9 39.2 0.9 0.0 4.7 38.4 0.9 3.0 1.1 0.2 09 0.7 2.4 3.1 1.1 0.3 00 0.7 04 0.7 0.4 8.0 0.30 14.1 0.18 540 46.0 6660 69.8 4.76 0.95 24.33
SK 08 24942 LQ 08 37.6 1.6 0 6 4.1 38.5 1.4 4.5 1.4 0.0 1.2 0.6 2.8 22 14 0.2 00 0.2 00 0.5 04 3.2 0.28 14.4 0.22 51.8 48.2 6485 69.9 4.77 098 24.01
AVG B1 0.8 37.0 1.9 0.1 64 36.0 0.6 5.4 2.0 0.1 06 0.7 35 20 08 0.2 0.2 0.3 06 0 5 0.3 7.5 0.28 17.1 0.35 54.9 45.1 6497 69.9 5.28 0.90 23.53
DN 15 24998 P2 07 40.8 0.2 0.0 3 6 36.5 0.0 9.7 4.9 0.0 02 0.5 1.6 0 9 00 02 00 0 0 00 0 0 0.2 11.2 0.28 298 107 62.1 37.9 5885 68.8 5 62 0.95 24.32
SK 12 24957 Q2B 15 34.7 1.0 0.0 10.4 32.0 0.0 9.8 6.0 00 0.5 0.5 1.2 03 03 00 00 0 3 09 0.3 0.3 21 0 0.29 34.6 0.69 533 46 7 6000 698 5.38 126 23.36
SK 15 24993 Q1 0.6 37.2 06 0.0 4 6 40.2 0.4 6.1 3.9 0.0 04 04 1.7 1.0 08 0.2 02 0 0 09 0.6 0.2 3 6 0.28 24.7 027 55.2 44 8 6325 69.6 5.66 0.98 23 54
SK 13 24951 UQ 0.7 38.0 1.6 0.0 4.8 36.1 04 5.3 5.1 0.0 0.5 0.2 3.7 12 05 0.5 02 0.0 08 02 0.2 109 0.27 7.1 059 53.4 46.6 6550 69.2 5.67 072 23.76
SK 12 24956 UQ 0.7 27.3 0.9 0.0 4.0 44.7 1.1 9.0 4.4 0 2 0.2 0.7 1.8 2 0 0 4 02 0.0 0 2 11 04 0.7 8 6 029 14.7 091 53.8 46.2 6405 69.2 5.23 088 23.78
SK 09 24970 UQ 2.1 45.5 2.1 0.0 3.5 28.8 0.4 90 3.7 0 0 0.4 0.2 0 9 1.6 04 02 00 0.0 06 0.2 0.4 2.6 0 29 7.3 025 51.8 48.2 6445 69.6 5.68 0.90 23.22
SK 10 24967 Q2 1.9 37.3 2.6 0.0 4.3 36.7 0.4 106 2.1 0.0 0.2 0.2 0.5 09 00 04 02 0 2 0.9 0.4 0.2 6 6 0.28 19.1 0 33 54.4 45.6 6345 69.7 5.32 0.96 23.78
SK 10 24969 UQ 4.7 37.4 2.7 0.0 7.8 24.4 00 8.6 6.2 0.6 0.4 0.8 1.1 1.3 02 00 04 0.2 16 08 0 8 2 6 0.28 6.9 0.37 52.7 47 3 6470 69.4 5.72 0.67 23.82
SK 14 24962 LQ 2.5 33.9 1.6 0.0 56 32.8 1.2 8.2 5.8 0.0 0.0 0.0 3.9 1.2 12 00 00 1.3 0.4 02 0.2 4.5 0.29 17.5 0.26 54.4 45 6 6550 69.2 5.13 0.99 2442
SK 15 24991 Q2B 1.5 32.9 0.6 0.0 2.5 41.1 0.6 6.1 3.4 0 0 0.2 0.8 2 8 23 06 02 02 0.0 2.8 0.6 08 4.6 0.27 10.4 0.39 540 46.0 6455 69.2 5.68 0.46 23.88
DN 15 25001 UQ 2.1 29.3 1.0 0 0 3.7 42.4 0.2 12.1 1.9 0.0 0.4 0.8 1.0 1.0 06 00 02 0 2 22 0.2 07 42 0.29 100 0.27 53 6 46.4 6335 69.4 5.32 0.89 23.89
SK10 24968 LQ 09 35.4 1.1 0 0 2.1 43.6 0.4 60 3.2 02 00 1.1 2.1 1.1 0 4 00 00 0 2 14 0.2 0 6 6.4 0.30 29.5 0.20 565 43.5 6115 69.7 4.57 099 24.34
DN 15 24999 P1 0.8 41.1 0.8 0 0 4.1 37.5 0.4 8.3 1.6 0 0 02 02 1.9 08 0.2 00 06 0 0 06 0 3 0.6 3 0 0.27 11.0 019 530 47 0 6280 69.0 5.28 0 80 24.70
DN 15 25000 LP 1.2 44.4 04 0 0 2.0 33.1 0.4 9.2 1.6 0.2 02 0.2 3.2 0.9 06 0 0 06 0 0 08 04 04 1.3 0.30 8.7 0.27 53.1 46.9 6375 69.3 4.96 097 24.57
SK 14 24961 Q2 08 40.0 3.2 0.0 44 30.2 06 10.8 5.0 0 0 0.6 0.2 0.9 0.4 04 0.2 02 0.4 07 0 6 0.4 4.9 0.29 14.4 0.22 536 46.4 6505 69.2 4 84 1.02 24.75
DN 15 25003 Q1 1.0 34.2 0.2 0.0 24 42.4 0.4 9.5 3.6 0 0 02 0.2 2 0 18 0.4 02 00 0.0 0.5 06 04 1.0 0.30 0.1 0.21 522 47.8 6505 69.1 5.54 0.99 24.12
SK 09 24972 LQ 0.4 31.4 0.6 0 0 15 47.7 0.4 7.9 4.1 0.0 00 0.4 3 0 10 08 00 00 0.0 02 0.6 0 0 3.2 0 28 7.9 022 527 47.3 6540 69.8 4 60 099 2442
SK 13 24950 LP 1.5 46.0 2.1 0.0 4.1 31.4 0.2 5.8 3.1 0.0 02 08 1.3 0.4 02 06 02 0 6 0.5 0.4 0.6 3 6 028 6.7 0.24 51.2 488 6430 69.4 4.65 088 24 87
SK 12 24960 LQ 08 45.9 1.3 0.2 3.7 31.4 0.4 4.8 3.9 0.0 0.2 0.6 1.5 1.4 04 0.4 00 0.6 1.3 0.8 0.4 3.0 0.28 2.6 0 35 465 53.5 5640 69.1 5.28 0.79 24.54
SK 12 24959 Q1 0.8 47.4 3.3 0.2 1.0 30.2 0.4 10.0 2.0 0.0 0.2 0.2 1.0 1.0 15 0.2 00 0.0 0.2 0.4 0.0 1.4 0.27 6.8 0.20 52.8 47.2 6485 69.9 5.52 0.77 23.62
SK 10 24965 Q1 1.7 45.4 6.9 0.0 1.1 26.3 0.2 11.9 2.5 0.4 0.2 0.4 1.4 06 0.0 0.2 00 0.0 0.2 04 0.2 5.0 0.27 10.2 0.60 50.8 49.2 6430 69.7 5.35 0.94 23.78
SK 23 24990 LQ 1.2 43.6 5.1 0.6 3.0 33.0 0.4 3.6 1.4 0.2 0.2 0.4 2.1 1.3 1.3 0.6 0.0 0.2 1.0 0.4 0.4 1.0 0.30 5.0 0.24 50.2 49.8 6430 69.1 5.33 0.84 24.54
AVG B2 1.4 38.6 1.8 0.0 3.8 35.6 04 8.3 3.6 0.1 0.3 0.4 1.8 1.1 0.5 0.2 0.1 0.2 0.9 0.4 0.4 5.2 0.28 13.0 0.38 53.2 46.8 6341 69.4 5.29 0.89 24.09
AVG B GROUP 1.1 37.8 1.9 0.1 5.1 35.8 0.5 6.9 28 0.1 0.4 0.6 2.7 1.6 06 0.2 0.1 0.3 0.7 0.5 0.3 6.3 0.28 15.0 0.37 54.1 45 9 6419 69.7 5.28 0.90 23.81
file: newdsx5 wk3
APPENDIX 5. PETROGRAPHIC AND CHEMICAL PROPERTIES FOR Q-MODE SUB-CLUSTER GROUP
BH GM COAL TELOVIT DETROVfT GELOVITR LPTINITE INERTlNfTE MM
Number Number SEAM R.mx
%
ASH 
% (db)
S
% (ab)
VM
%(daf)
FC
%(daf)
CV (daf) 
Kcal/Kg
C% H % N % 0%
Text T-ulm Eu-ulm Telo Att Dens. Phlo Corp Pori Eugel Spor. Cut. Res Lipt. Sub. Fluo. Exsu. Fus. SF Sci. Iner.
SK 03 24921 UQ 1.6 40.8 1.4 0.0 4.1 36.8 1.3 3.8 23 00 0.4 0.7 1.9 20 07 0.2 02 12 04 00 0 2 7.2 0.28 11.6 053 534 46.6 6560 700 4.79 1.00 23.64
SK 14 24945 UQ 1.7 29.5 3.9 0.4 4.8 44 1 0.8 3.8 26 00 04 0.4 2.7 20 02 0 2 0.0 1.3 02 0 6 04 2.7 0.29 8.9 0.25 531 46.9 6480 69.7 4.51 0.99 24.35
SK 14 24946 Q2B 1.2 28.1 5.0 0.4 7.3 36.8 1.0 6.5 2.2 0.0 0.9 0.4 2.0 4.1 04 02 02 2 1 0.6 0.2 04 2.4 0.28 8.4 045 51 9 48.1 6490 69.2 4.84 0 96 24.75
SK 08 24938 UQ 12 42.3 3.5 0.2 2.5 37.2 0.2 3 4 0.6 0.0 0.2 1.0 2.1 19 08 0 2 00 1.0 04 04 0 9 3.6 0.28 9.7 0.53 531 46.9 6545 69.6 4.71 0.96 24.12
SK 03 24920 Q1 0.9 35.9 1.3 0.2 3.4 41.8 0.4 4.7 1.6 0.0 0.2 04 16 3.1 06 0.4 00 15 06 06 0 8 2.2 0.28 10.5 051 536 464 6725 69.7 4.57 098 24.15
SK 03 24922 Q1 0.4 34.0 2.6 0 0 6.5 38.9 0.6 3.5 2.2 0 2 0.2 1.1 2 0 2.6 05 0.2 0.0 1.6 1.2 05 1.2 4.1 0.28 105 0.51 53.6 464 6725 69.8 4.57 0.94 24.15
SK 05 24947 UQ 0.2 37.1 2.7 0.0 3.8 41.4 0.4 5.4 1.2 0.0 04 0.2 2.1 1.7 0.6 0.3 0.2 0.7 0.8 02 0.6 3.0 0.29 9.6 030 523 47.7 6590 69.9 4.64 1.00 24.16
AVG C1 1.0 35.4 2.9 0.2 4 6 39.6 0.7 4.4 1.8 0.0 04 0.6 2.1 2 5 05 0.2 0.1 13 06 04 0.6 3.6 028 9.9 044 530 47.0 6588 69.7 4.66 0.98 24.19
SK 01 24906 P2 24 40.9 51 0.2 8.9 27 5 1.2 1.2 1.9 0.0 05 0.9 0 9 5 6 0.3 0.0 03 0.3 0.5 05 09 164 0.30 285 013 577 423 6395 69.4 5.05 089 24.43
SK 13 24952 Q2B 1.2 45.5 6.8 0.7 5.1 27.1 0.7 4.1 1.5 0.0 03 07 2.3 12 03 0.5 00 0.7 0.3 0.3 0 7 20.6 028 31.6 069 570 43 0 6490 69.5 4.84 0.48 24.13
SK 04 24926 UQ 0.7 43.5 30 0.0 3.0 33.2 0.2 28 2.1 0.0 07 0.5 2.1 4.5 05 02 02 07 1.1 05 0.5 13.0 0.29 23.2 0 50 545 45.5 6485 69.5 4.63 0.94 24.16
SK 04 24927 Q2 05 557 4.3 0.0 3 0 22.5 0.5 3.2 2.7 0.0 0.7 0.7 1.4 3.3 0.2 0.0 0.0 0 5 0.2 0.2 04 12.1 0.28 22.5 032 605 39.5 6515 69.9 4.99 1.01 23.77
SK 10 24966 R 0.4 53.9 33 0.2 1.5 20.4 0.0 7.7 2.7 0.2 04 0.6 2.9 2.2 0.4 02 02 0.4 1.2 0 6 0.6 34 0.30 34.5 3.16 586 41.4 6620 764 5.21 1.19 15.79
SK 08 24937 LP 1.8 42.7 35 0.0 2.7 36.7 0.2 33 16 0.2 0.2 0.4 2 5 1.4 0.4 0 4 0.0 10 06 0.2 0 2 15 0.27 8.0 0.80 526 474 6495 69.5 4.93 0.98 23.76
SK 13 24953 Q2 1.1 48.5 2.3 0.2 1.4 35.7 0.4 2.7 0.8 0.0 0.4 0.6 2 1 1.5 02 0.4 0.0 0 9 04 0 2 02 3 4 0.27 354 0.29 68.0 32.0 6120 69.2 4.91 0.98 24.42
SK 06 24931 Q2 1.7 46.8 6.6 0.9 2.5 28.3 0.4 3.1 1.1 0.0 0.4 0.4 1.8 2.8 0 4 0 2 00 1.3 0.9 02 0.2 7.2 0.30 17.0 0.61 574 42.6 6490 69.6 4.70 0.98 24.01
SK 06 24928 P1 05 44.3 5.7 0.4 4.0 32.3 0.4 4.9 0.4 0.0 02 0.9 1.0 29 0 4 02 00 0.4 00 0 8 03 7.1 0.27 17.4 0.37 556 44.4 5635 69.9 4.81 1.08 23.58
SK 03 24919 LP 0.2 40.5 3 3 0.2 4.2 35.2 0 5 2.5 1.8 0.0 05 1.4 0.6 5.7 0.6 00 00 0.9 06 0.7 0.6 133 026 148 020 545 45.5 6570 69.9 4.84 0.94 24.13
SK 04 24925 LP 0.8 46.0 2.9 0.2 4.0 32.3 0 2 4.4 23 0.2 02 0.2 1.1 2 5 02 0.2 02 0.8 00 1.1 0 2 2.9 0.29 13.5 017 543 45.7 6570 69.9 4.72 1.05 24.02
SK 06 24932 Q2 0.7 47.6 6.9 0.4 4.1 26.2 0.8 2.4 3.2 0.2 0.4 0.8 0.9 3.1 0.2 02 02 0.7 0.2 0.8 0.0 4.8 0.27 12.5 041 523 47.7 6515 69.4 4.63 0.97 24.76
AVG C2 1.0 46.3 4.5 0.3 3.7 29.8 0.5 3.5 1.8 0.1 0.4 0.7 1.6 3.1 0.3 0.2 0.1 0.7 0.5 0.5 0.4 8.8 0.28 21.6 0.6 569 43.1 6408 70.2 4.86 0.96 23.41
AVG C GROUP 1.0 40.9 3.7 0.2 4.2 34.7 0.6 4 0 1.8 0.0 0.4 0.6 1.8 2.8 0.4 0.2 01 1.0 0.6 04 0.5 6.2 0.28 15.7 054 550 45.0 6498 69.9 4.76 0.97 23.80
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